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t SUMMARY

The Universal Infantry Weapon Trainer (UIWT), is an electro-optic
based, microcomputer controlled, training device that enables tactical
infantry weapons training with an M-16 rifle and l6nn motion picture
projectors which simulate a high stress battlefield environment. In a
short period of time a trainee can be subjected to a large variety of
combat situations where each trainee's performance is analyzed in real-
time and immediate feedback is given to both the trainees and instruc-
tor. Combat scenarios can be changed to fit any potential battlefield
requirement. Prototype models were constructed by the Research and
Technology Department, NTEC, Orlando, Florida for both the U.S. Marine
Corps and PM TRADE. These models were successfully tested at Camp
Lejeune, North Carolina by the U.S. Marine Corps and by the U.S. Army
Infantry Board (USAIB) for the Directorate of Training Developments,
U.S. Army Infantry School, Fort Benning, Georgia. It was stated that

4f- the tests did give some evidence of the UIWT system's potential for
# training transfer (Ref. 9). Furthermore, enlisted men, snipers and a

variety of General, Field and Company grade officers who fired and ob-
served the UIWT stated that it was a valuable training tool (Ref. 8).

4U.S. Marine Corps and PM TRADE sponsored work is continuing on this
program to develop the capability to add other weapons i.e., Dragon, LAW,
M-60 macine gun, etc.

The authors wish to thank the Acquisition Sponsors Project Officer,
Major E. Hutchinson and Lt. Col. R. F. Zumbado, formerly Assistant Marine
Corps Liaison Officer, for their aid and valuable suggestions.
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r SECTION I
INTRODUCTION

IThe Universal Infantry Weapons Trainer (UIWT) is an electro-optic based,
microcomputer controlled, training device that enables tactical infantry
weapons training with an M-16 rifle, under a simulated high stress battle-
field environment. In a short period of time a trainee can be subjected to
a large variety of combat situations where each trainee's performance is
analyzed in realtime, and immediate feedback is given to both the trainees
and instructor. Combat scenarios can be changed to fit any potential bat-
tlefield requirement. An artist's concept of the trainer is shown in
Figure 1-1.

I

1

Figure 1-1. Artist's Concept

This training device provides the trainees or instructor the follow-
ing simulated weapons effects and feedback information:

r Weapon recoil

0 Weapon bang

if Magazine action

* Automatic: or single shot simulation'3
|1
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* Lead and e'evation if applicable, is programmed in the system )
* Real-time individual audio scoring feedback, using computer gen-

erated voi(e, via a headset

0 Trainee feedback data displayed in columns on TV type monitor
for instructor observation 9 ,

* Reaction time

0 Movement of weapon relative to correct kill zone is observed
by instructor and recorded for playback.

* Lowest performer indicated to instructor

* Identification of trainee responsible for shooting with no tar-
get present 9

* Built-in self-check features

0 Score determined

* Hardcopy of scoring results

2

I

- - ... ... ... -. .. .

- iI I I l



5 SECTION II

SYSTEM DESCRIPTION

I This section of the report describes the system. Details of the
system design are included in Section III.

I The system utilizes two motion picture projectors: a visual and an
infrared (IR) target spot projector (see Figure II-1). The visual pro-
jector displays the battle scene including the visual targets. The infra-
red projector provides invisible infrared target areas at which the weapon
must be aimed in order to score a hit. Lead is programmed into the infra-
red target film, which the weapon receiver detects, requiring the trainee
to lead the target as necessary. Figure II-1 shows the visual target on

4 the left and the infrared target on the right indicating that the target
is moving to the right.

Each trainee has a simulated M-16 rifle with an attached infrared (IR)
receiver. The IR detector is a four-quadrant photodiode. The four-quad-
rant target information and microcomputer logic determines kills, eight
areas of near misses, and total misses. The regions of near miss include
high, low, left, right, high right, high left, low left, and low right.

INSTRUOCTOR STATION

4t
VISISTRCTO AT NSTUCTR

'11 AN $PT ISA

4 ___ / ow

PROJECTORCTO WIIUI

TERMINAL

IOI

MICROCOMPUTER

VOICE UNIT

£FRIFLE- ELECTRONICS

3Figure II-1. System Block Diagram
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When the trainee fires the weapon he hears a sinulated bang and feels
a recoil. Recoil is generated by a short pulse of air released near the
front sight which drives the weapon high and to the right. An 8080 based
microcomputer determines where the round would have hit using the detector's
quadrant data and supplies this information to both a computer generated
voice unit and a CRT display on the instructor's console. The computer
voice unit drives both the trainee and instructor headsets. When a target
appears on the screen, the IR projector outputs a target present signal
from the magnetic audio stripe on the film. This signal starts a clock in 3
the microcomputer which measures the time until the trainee fires, or effec-
tively his reaction time. The target present signal is also used to deter-
mine the number of targets that appeared, targets ignored, targets shot at V
and if the trainee fired when no target was present. Trainee results are
continuously displayed in columns on a CRT display on the instructor's sta-
tion. At the completion of the exercise, the results, analyzes and response 3
time are printed by a terminal at the instructor's station.

Distribution of fire can be monitored using a gallium arsenide laser
infrared source located in the flash hider part of the rifle. The projected
IR laser spot is invisible to the trainee but is detected by an infrared
television camera and displayed by a CRT located on the instructor's console 5
as shown in Figure II-1. When the rifle is fired the IR spot projector
illuminates the screen with a small IR spot. If the instructor wants to con-
tinuously monitor rifle motion the IR aiming spot is left on continuously
and the laser spot brightens when the trainee shoots. The TV camera .
data can also be recorded for playback during debrief.

Figure 11-2 shows the rifle electronics and two projected targets. 5
Discrimination of the infrared targets is enhanced by projecting the IR
targets at frequencies different from the visual scene signals and amplify-
ing the infrared targets. The motion picture projectors have also been
modified to incorporate hot and cold mirrors, whose function will be de- U
scri bed.

TRAINE HEADSET

COMIUTLE GENERATED VOICE

~K~iiiILMSANGU1
INSTRUCTOR COMMANDS

4 OUADRANT DATA
TARGET SCREEN FOUR OUADIANT PHOTO DETECTO SINGLE OR AUTO MOD

ASSIMPOLY A It FILTER CLIP DATA iPNEUMATIC SOURCE1W • TRIGGER DA TA

INFARED TARGIT 6 H SELICTAILE AUTO OR SINGLI S.OT

VISUAL TAEGRT 41H, MVAOAMO AGZN

LATCH IE ..

1 iI AATA1ED
OVARNAN. T.A .... .~ G L A.A.1 A

.AIA L . ATA TO

LIV* OFT D IFFICULTT ADJUST OOAUE

111-I AND DATA REJADT STROBE
TR I ND HOHR To MPITROCOMPATERI

D:AA _77JTN

S1UI ANOAN,1 UA.
T.AION BANIT SIMA LTON1

4 * TO S AINI HEADST

Figure 11-2. Rifle Electronics Block Diagram



9 The visual projector contains a hot mirror. This multilayer dielectric
mirror reflects or removes most of the infrared above 750 nanometer from
the visual scene. The infrared projector contains a cold mirror. The cold
mirror reflects the visual energy and passes the infrared energy above 750
nanometers. This allows a weapon equipped with an infrared receiver to ig-
nore the visual data and obtain its target data from the infrared projector.

The S/N ratio of the system is further improved by using two different
projector chopper frequencies. In the visual projector the chopper is a
two bladed equally divided shutter. In the IR projector the chopper is a
four bladed shutter. The visual scene is chopped or shuttered at a frequency
of 48 Hz; the IR data is shuttered at a frequency of 96 Hz. By using two
different chopping frequencies active filters in the weapons IR receiver

4can be tuned to detect the infrared target spot and ignore the visual bat-
4 tle scene. The projectors are frame locked together synchronously.

The rifle uses an IR detector consisting of a lens and a four-quadrant
4 photo diode detector to detect infrared targets. An infrared filter is

utilized in the weapon optical system to reduce the visual signal effect on
the photo detector. The photo detector signals are amplified by two bi-FET
operational amplifiers. A voltage comparator sets a threshold to establish
a digital "one" or "zero". The voltage reference level of the comparator
can be set to adjust the level of difficulty. The voltage comparator data
is latched and delivered as input to the microcomputer system for data anal-
ysis, display and feedback.

The rifle can operate in either a single-shot or automatic mode and
requires the trainee to reload after he has fired thirty rounds. The rifle's
simulated magazine contains a capacitor. When the magazine is inserted into
the rifle this internal capacitor is discharged, which resets a counter.

4 Bang simulation is achieved by filtering a noise source and then pro-
ducing a noise envelope with.a sharp rise time and exponential decay.

4The training rifle is shown in Figure 11-3. The four-quadrant detector

is located on top of the barrel and the flash hider contains a gallium ar-
senide IR laser. The rifle is a replica but contains real sights that areadjustable. The plastic hose shown attached to the rifle, Figure 11-3, isused to carry the air for recoil.

The instructor's console is shown in Figure 11-4. The right hand CRT
displays the verbal data transmitted to each trainee in four columns. The
lowest score is automatically flagged by a LED under the applicable trainees
column. This alerts the instructor so he can more closely observe that
trainee. The left hand side of the console contains a CRT display used to
monitor the weapon motion. Communication to the microcomputer is via a
terminal shown in front of the instructor. See Appendix E for description

tof the switches on the console.

1 5

I



II I I I li

I
I

Figure 11-3. !1-16 Training Rifle 1
I

i I

Fiur I-4 Istucors onSl

Sra

-" = i IS



Figure 11-5. Trainees Firing at Screen

4A

Figure 11-6. Synchronized Visual andI IR Projectors
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Fiqure 11-5 shows the trainees firing at the screen. Note each
trainee wears a headset for individual feedback.

Figure 11-6 shows the projectors. Loopers (a closed-loop film strip)
are used so rewinding is not necessary. An auto-stop/auto-align feature
is visible near the loopers.

The computer voice system is a solid state communications processor.
It operates as a standard data terminal to the host 80/20 microcomputer
system. The vocabulary has been digitized and stored in nonvolatile mem-
ory (PROM). The system contains thirty-two individually addressable words
and five independent output channels. Thus, the computer voice system can
talk to any or all of the five trainees while saying the same or different
words or phrases. Each trainee wears a headset so he hears only the feed-
back applicable to his performance.

The system is controlled by a modified Intel 80/20 microcomputer sys-
tem.

Section III, next, describes the system design.

8a

S
S
S
S

S.
S

82

0)



ji SECTION III

SYSTEM DESIGN

A. PROJECTORS

The motion picture projectors are two Hokuskin, 16mm sound projectors
equipped for frame-for-frame sync. The lamp is a 500 watt Xenon-arc, type
KXL-500H. One projector is used as an IR target spot projector. The IR
projector uses a cold mirror to remove the visual energy, Melles Griot,
O3MHGDO7. The transmittance of the hot and cold mirrors are shown in Fig-
ure 111-1.

Loopers are utilized instead of reels to eliminate the necessity of
4 rewinding the film.

.4

600 'W" IM, 1100 1. 400 00 600 700 W M 0

WA,I N ," III N, I * i W', W,'[Lf"NGN III NO M 71

Figure III-1. Transmittance of Hot and Cold Mirrors

The projectors are equipped for either optical or magnetic sound re-
production. Sound for the battle scene is recorded for optical pickup on
the visual projector.

I Target present signals are recorded on the magnetic stripe of the IR
film. The target present signal is a 1 KHz audio tone, which is decoded3 by an electronic tone decoder, Figure 111-2.

The battle scene film was both taken and projected using a 25mm focal
length lens to minimize perspective distortion.

The IR projector has a modified four bladed shutter which chops the
IR data at a frequency of 96 Hz. The visual projector has a conventional5 two bladed chopper which chops the visual scene at 48 Hz.
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I
J The projectors are equipped with an auto-stop feature which allows

th( fibi to be stopped at any desired location by simply placing a foil

metal s':rip on the desired stop location.

I The screen is silver matte, 9 ft x 12 ft overall.

B. RIFE ELECTRONICS

The rifle electronics detect the IR target spot, amplifies, discrim-inates aid provides digital data to the 8080 based microcomputer.

The detector optics is a single element double convex lens, with a
diameter of 29mm and focal length of ll4m.

The IR detector is a four-quadrant silicon plotodiode. This device
consists of four discrete elements on a single sulstrate with an active
output lead from each element. When the weapon is aimed properly the in-
frared target spot is centered on the detector and the output current from
each quadrant is equal. As the rifle is moved the currents change as a
function of the location of the infrared target spot on the detector. Im-

* balance in the current indicates off-center position. The detector has an
4 active area of 0.05" x 0.05" per element with a gap of 0.005" between ele-

ments. The detector physical geometry and spectral response is shown in
CFigure 111-3.

€6

4 - - - ACTIVE
.6~ ri~ AREAiII(I9~0.06" 0 0.05"32410 PER

(L

.005.

2M0 300 400 !00 No0 00 go0 "D 1000 1100
WAVELENGTN (RETERS)

3 Figure 111-3. Photo Detector Spectral Response and Geometry

The field of view of the IR detector is approximately seven inches on
i the screen.

The currents from the diode are input to an operational amplifier,
* TL082. The photo diode detector is basically a current source with an

output impedance which is very large. The first stage of the current-to-
voltage converter presents almost zero load impedance to ground because

- the inverting input appears as a virtual ground. The input current from
the diode flows through the two Megohm feedback resistor, generating an
output voltage.

. .. . 1



S-

III I I I4

U: z+ I-

CS4-0S
o 2

47(4
IL

40%

1 
-

,.

0 0 0

a, ,-
I I,_. I' a'

,.. 
|



5 voltage = d Rf
out

where
RF I2 Megohm
I d detector current

I A separate channel is used for each of the four quadrants. The out-
put from the current-to-voltage amplifier goes to a noninverting amplifier
with a gain of 23. This stage is also part of the TL082. The electronics
described above is located on Board #1, Pre-Amp. (Figure 111-4)

Input signals to the active filter are 48 Hz from the visual scene,
96 Hz from the IR target spot and any extraneous light. The active filter

*is used to pass and amplify the desired IR signal at 96 Hz and reject all
other signals.

The UAF - 41 is a two pole active filter. It uses three operational
amplifiers in a double integrator feedback loop to generate two conjugate
poles. Location of the poles in the complex plane, and thus the natural
frequency and Q are determined by external resistors.4

The equivalent configuration of this band pass filter is shown in Fig-
ure 111-5. The filter is designed for a 96 Hz center frequency with both
a Q and gain of 50.

2.5H AL

15 8

INPUT 62.7NJ~ At R) 2  1.2N 7

Figure 111-5. Bi-Quad Active Filter

Both the active filters and voltage comparators are located on Board
#2, Figure III-(. The output of the active filter is a sine wave with a
frequency of 96 Hz. The output sine wave goes positive and negative about
a zero volt reftrence level. This output is clamped and fed to a voltage
comparator. The voltage comparator changes the analog detector signal to
a digital signal. The input signal level for a one or zero is determined

13
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by a rsistor or reference voltage setting. Each of the four voltage corn-
p~trator channels has its own reference voltage setting resistor, i.e., R33,
R34, R35, and R36. The reference voltage setting controls the degree of
d fficulty in hitting a target. The detector signals next go to ICI, a
7408 AND gate, Board #3, Figure 111-7. If the trainee pulls the rifle

trigger and has rounds remaining in his magazine, the NAND gate is enabled
by an input from Board #4. Board #4 is shown in Figure 111-8. IC2 and
IC3, Board #3 are 9024 JK flip flops configured as latches. Each 9024 hasIC3,
two latches. The 9024 is reset by the microprocessor after it has accepted
the four-quadrant IR target spot data. IC4, Board #3 is a line driver.

Board #5, Figure 111-9, is connected to the rifle trigger. ICl, a
5437, containing NAND gates, debounces the trigger and applies 5 volts to
1(3. IC3, a timer, provides pulses of 12 Hz, which is the firing rate of
the weapon. A one shot is also triggered and provides a single pulse. )
The output of Board #5 is determined by the setting of the single or auto
fire switch on the simulated weapon. The setting of auto or single shot
determines which gate on ICl is active. If the trainee is in auto fire
pulses at 12 Hz are provided Board #2. IC3 on Board #4 has a gate which
will pass the signal if the counters ICI, IC2 on Board #4 indicate rounds
are left. The counter enables ICl on Board #3 and also enables the data
ready pulse provided by IC4 on Board #4 to the microprocessor. IC4 is a
one shot which generates a 10 l.sec data ready pulse for the microprocessor
to indicate data is available. After the microprocessor has read the data
it resets the latches; IC2 on Board #3.

The one shot IC6, Board #4, Figure 111-8, is used to reset the counters.
The dummy magazine contains a capacitor. In the "loaded" configuration the
capacitor is charged to 5 volts. The magazines are easily loaded or charged
by momentarily inserting them into a charging fixture.

When the dummy magazine or capcitor is inserted in the rifle it dis-
charges through R4, providing the counter reset voltage. The magazine is
reloaded by charging the capacitor in the magazine to 5 volts.

C. COMPUTER VOICE AND AUDIO SYSTEM

The Computer Voice System is a Business Communicator Model LVM-70 manu-
factured by VOTRAX, the Vocal Interface Division of Federal Screw Works,
rroy, Michigan. The LVM-70 was designed specifically to be used as a con-

centrator for touch-tone based information systems. 3
Up to 32 words (16 seconds) are available with up to eight audio out-

put channels. The trainer utilizes an output channel for each trainer.
When a shot is fired by a trainee the host computer (80/20) decodes the in-

coming rifle data and then sends three bytes of serial data to the LVM-70
specifying a start word, a trainee identification word, and the appropriate
voice response code. The voice output line for each trainee is routed to
the trainees audio mixer/amplifier, Board #6, Figure III-lO, as well as the 3
instructor's control panel.

The LVM-70 voice communicator can be replaced in later models for rough-
ly 1/4 the original cost, due to technological advances.
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Each trainee's audio system consists of two stages of audio amplifi-
4 cation. A Texas Instrument's TL074 low noise, quad, dual operational amp-

lifier, ICI, is used. Consequently, two trainees are handled by a single
TL074 (Figure III-10). The first stage of amplification is primarily an
audio mixer. Five independent channels are mixed into one. These five
channels consisL of the computer voice feedback system, the instructor com-
munication line, the synthetic rifle bang, coordinated battlefield sounds
and general battlefield environment sounds. The instructor uses an identi-
cal mixer/amplifier channel but his inputs consist of the various computer
voice responses to the trainees. The instructor selects which trainee he
desires to hear by pushing the appropriate switch on the instructor control
panel.

Each of the five inputs to the mixer stage as well as the final output

stage have their own volume control.

D. BANG AND RECOIL SYSTEM

1. BANG SYSTEM

An electronic bang is presented to the trainee via his headset when he
has fired a shot. The bang board, Board #8, Figure Ill-I, produces the
synthetic gunshot sound and passes this sound to the trainees audio mixer/
amplifier Board #6, figure III-10. The bang is produced by generating ran-
dom noise, due to diode Dl being biased near its breakdown voltage, and then
using the FET to generate an envelope for this random noise. This envelope
consists of a sharp rise time and an exponential decay which corresponds
closely to a gun shot noise envelope. Specifically, the diode DI produces
random noise which is amplified by 1/2 of ICl, a dual operational amplifier.
This amplified random noise is presented to the drain of the FET. The FET

jdoes not pass this noise until its gate is presented the sharp rise and ex-
ponential decay envelop representing an actual rifle shot sound envelope.
The sharp rise of voltage on the gate of the FET is produced by IC2 changing
to a high state; 5 volts. When IC2 changes back to a low state, 0 volts,
the diode D2 isolates the gate of the FET from being pulled down to an off
state and allows the RC network consisting of R6, R12, and C7 to exponen-
tially decay the residual voltage thus producing decaying gunshot envelope
of noise. The source of the FET thus produces on demand random filtered
noise within an envelope resembling a gunshot bang. The second half of ICl,
an operational amplifier, produces final amplification of this sound before3 passing the output to the students audio mixer/amplifier.

2. RECOIL SYSTEM

I The recoil system consists of three major parts: air hose, recoil
board, and the air valve.

1 The air hose follows the electrical cable up to the rifle and into the
butt of the weapon. The hose is a lightweight, nylon reinforced, dimention-
ally stable air line hose. After entering the butt of the rifle it runs
forward and attaches to the rifle barrel. The barrel is plugged at the tip
end and an outlet orifice has been drilled on the bottom of the barrel near
the tip end. The orifice is pointing down and 30 degrees to the left which
produces a thrust up and to the right when a shot is fired.
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I
The recoil circuit, Board #7, consists of a 555 integrated circuit

timer, IC2, and a darlington pair transistor driver circuit for the recoil )
air valve. The 555 timer is set for a nominal 20-25 msec duration. The
variable resistor R2 serves to regulate the timing duration (Figure 111-12). p

The recoil valve is a pilot operated solenoid valve. Because it is
pilot operated, the on-off rise and fall times for actuation are very short
and power consumption is only 8.5 watts. 3
E. DISTRIBUTION OF FIRE AND WEAPON MOVEMENT MONITORING

Distribution of fire and weapon movement can be monitored and recorded
during a training exercise for playback. The system allows the instructor
to view where the weapon is aimed relative to the IR target spot. This fea-
ture is completely independent of the basic system. S

An IR light source is used on the weapon. The infrared light source
used in the system is a semiconductor, gallium arsenide laser. The laser is
collimated by a simple plano convex lens. The laser is attached where the
weapon flash hider is located. If the instructor wishes to view the loca-
tion of the trainees weapon, he selects the laser he wants turned on and
holds down a button on the instructor's console. The instructor is able to
view both the projector IR target and laser spot from the selected trainee's
rifle. This information is detected using an RCA TC 1005/HOl low bloom sili-
con target Vidicon and closed circuit video equipment. The TV display tube
is located in the instructor's console and the TV camera near the motion pic-
ture projectors.

The laser spot brightness seen on the TV is a function of the pulse re-
petition frequency (prf) of the gallium arsenide laser. Two modes are avail-
able: p

0 Flash only

0 Track plus flash

In the flash mode only, a single flash occurs when the trainee fires.
In the track and flash mode, the'instructor sees a point of laser light on
the screen all the time, which moves as a function of where the trainee is 3
pointing; when the trainee fires, a brighter flash occurs.

Laser energy reflected off the screen is eye safe. However, the trainee
should not point his weapon in another trainee's eyes as eye damage can occur
from looking directly into the laser beam.

The laser timing signals are generated using Board #10, Figure 111-13. 3
The laser pulser, Board #11, is shown in Figure 111-14.

The laser pulser uses a SCR, GA201 to discharge capacitor Cl. Ql is
used to allow rapid recharge of Ql. The laser is a 5 watt peak power laser
with a nominal 50 nanosecond pulse width.
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F. RIFLE MOCKUP 3
The rifle mockip is manufactured by Replica Models, Inc. It is not

designed to accept a rourd of ammunition and cannot be converted to accept
ammunition. The original replicas received from Replica Models have been I
extensively modified to perform satisfactorily as a trainer. The original
barrel plug was removed and moved to the front end of the barrel to accom- -

modate the recoil. A recoil orifice was then machined and an electronic 5
board was installed within the handguards. To accomodate boresighting,
the original molded-on ronadjustable front and rear sights were replaced
with adjustable front and rear sights. The mode selector switch was modi- -
fied to reflect the real Ml6El mode positions; the trigger mechanism was
modified for better performance; microswitches for the trigger and mode
selector switch were installed; and magazine sensing contacts were in-
stalled for reloading simulation.

An optical four-quadrant detector and optics are mounted above the
barrel and below the sights. A solid state laser and optics for point of S
aim information has been inserted in the flash hider position.

Air for the recoil and electronic wiring approach the rifle from the
bottom rear of the butt of the rifle. The true weight of the M16EI was re-
stored by removing unused mechanism from the upper receiver. The true bal-
ance was maintained through equal weight additions, i.e., the detector/
laser combination at the front end of the rifle offset the hose and elec- I
tronic wire harness at the butt end of the rifle.

Special test equipment is included in Appendix B.

G. MICROCOMPUTER CONTROL SYSTEM

The 8080 Microrrocessor Based Control System performs these functions: ,

0 Interrogates the instructor for session parameters

0 Stores secsion parameters for final hard copy

* Determine5 if self-check is desired, and reacts accordingly 13

0 Initializes peripheral LSI chips and zeros memory storage

0 Inputs rifle data, decodes and stores it 3
* Measures response time for first rifle shot at new target for

each of four or five rifles

0 Outputs shot results to audio feedback and instructor's CRT

* Identifie. shooter making most errors and sends the identifica-
tion to the instructor's console "LEDS"

4 Updates shooter's results file
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0 Cihecks for sessi n end and terminates the data collection mode
upon t'ie instruc or's signal

* Computes trainee's overall score

0 Prints trainee's results on the instructor's electronic data ter-
minal

1. SINGLE BOARD COMPUTER

The UIWT Sy tem is co,,trolled by a modified INTEL 80/20-4 Microcompu-
ter System, Refeence 6. This microcomputer system, which is based on the
INTEL 8080 microorocessor, includes an enclosure with front panel controls,
power supply, cooling fans, and a card cage in which is located the main
80/20-4 board as well as the interface board (IFB), which is described below.

a. 8)/20-4 MO[IFICATIONS

A numb r of modifications are required before the SBC 80/20-4 can
be used in UIWT/;WAT Version 1.2. These are detailed below with page iden-
tifications to h1 found ir Reference 6 unless otherwise noted.

(1) Pull-Lp resister packs, SBC-902, page 2-5, must be in-
serted in socket A5 and A( as input terminators for port 2 at address E6.
These terminators were sulplied with the 80/20-4 systems as Beckman part
number 1899-747-0, 300064!-01.

(2) Insert inverting line drivers, either #7437 or #7400,
in sockets A3, A4, A9 and AlO for output ports 3 and 6 at addresses E6 and
EA. See pages 2-4 and 4-,4.

4 (3) Solder A jumper between J3-8 and J3-10 using the solder
* points on the rear side of the board. This connects "Request to Send" to

"Clear to Send". See Table 2-5, page 2-7.

:4) Wire wrap A jumper from pin 1, a 5 volt source, near
J3 pin #25 and ?older it to a through hole just below "C9" between A15 and
A16 on the froni of the board. This should put 5 volts onto J3-16 "REC
LINE SIG DETECT' which goes to the "DATA CARRIER DETECT" of the 743 TI ter-
minal. Otherwise the terminal will not function. See page 27 of Reference 1.

,5) Change the wire wrap jumper which exists between pins
*141-142 just above A22, the 8253, to a jumper between pins 141-143. This is

4. an option which connects the clock input for counter 1 of the 8253 to the

output of count(.r 0. See page 4-21.

(6) Interconnect wire wrap pins 11 and 12 near the upper
right hand corner of the board. These are the protect and signal groundsCfor the TI 743 terminal. See page 27 of Reference 1.

'7) Scratch through the line going from the transmit data
(TXD), pin 19 o the 8251 USART, to the SN75188 (MC1488) line driver. Con-
nect the 8251 s de to J1-50 with a jumper wire and connect the driver side
to J2-50. This allows the interface board to switch the serial output be-
tween the VOTRA and the control console.
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(8) Remove the jumper from wire wrap pins 52-53, located 3
Just below the left part of the leftmost 8255 and put a jumper between
pins 51-52. This enables port 1 as an input. See Figure 5-2 (sheet 4 of 5).
Check that a jumper exists between pins 71-72 to enable port 4 as an output.

(9) Connect the 80/20-4 front panel interrupt switch into
the interrupt controller as interrupt #7. To do this, connect pins 36, 37,
,W, and 39 together and also to pin #45. 3

(10) Make the required modifications to use 2716 2K byte
EPROMS. These are given in Table 2-12, which is entitled "Jumper Changes
For Optional 8K EPROM Installation". See page 2-15.

REMOVE INSTALL

W2, A-C W2, A-B Between A45 and A46
W4, B-D W4, A-D Above A78
W4, C-E W4, B-E Above A78 S
W7, A-B W7, A-0 Below A79
W8, A-C W8, A-B Below A79
C35, 53 and 72 Above A37 and Below A64 and A79

2. THE INTERFACE BOARD

All input/output (I/O) operations of the SBC 80/20-4 microcomputer
pass through the interface board (IFB). These operations can be divided
into three categories.

0 Rifle communications

* 1/0 through the 8751 "USART"

* Output through the UPI-41, 8741 Universal Peripheral Interface

Figure 111-15 is a block diagram of these data paths and their asso-
ciated control lines. More details are shown on Figure 111-16 through
ll-19.

a. RIFLE COMMUNICATIONS

IR spot quadrant detector data are input from each rifle to a
separate 8212 eight-bit input/output port chip on the IFB. A trigger-pull S
signal is also sent from each rifle to its associated 8212. Upon sensing
a trigger signal, the quadrant data are latched into the 8212 buffer and
an interrupt signal requesting service is output from the 8212 to the main
board through input port 1. The service request lines from all five 8212s
are "ORED" together onto a single line which also goes to port 1 to signal
that at least one 8212 requires service. AS long as this ORED line indi-
cates a service need, the microcomputer polls each 8212 service request
line in turn. When one is detected that needs service, the address of the
8212 responsible for the request is output from port 3 on the main board
to a 9211 one-of-sixteen decoder on the IFB. A data read signal is then I
output from port 6 to the 9311, which commands the 8212 to place the con-tents of its latched buffer on the common data bus.

28
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Each of te ot ier fonjr unaffected 8212 chips may also contain
data, hut are held tempo-arily in an inactive "three-state" and present
o high impedance load to the bus. The only quadrant data available at
the main board port 2, t-erefore, are from the 8212 being serviced. These
(ata are read into memor/ and the data read signal to the 9311 is removed.
'his removes the read coimand to the 8212 and clears its interrupt service
vequest. A pulse is thci sent from port 6 to the 9311 which issues a re-
,et signal from the IFB to the rifle electronics associated with the ser-
\iced V212.

The serviced 8212 is now in three state, its service request line
i5, off and it is re3dy t, latch in new data upon receiving the next trigger-
pull signal. In th3 meantime, if other 8212 chips need service as indicated
hy assertion of the ORED line, the computer polls the next 8212 interrupt
line. If it needs servi-e, the process is repeated; if not, the next 8212
service line is polled i.i sequence. This continues until the ORED service
line qoes off and the conputer moves ahead with the remainder of the program.

A "Target Present" signal from the IR spot projector is carried
directly through the interface board to the main board through input port 2.
The target present informlation is recorded and used during scoring to iden-
tify a valid target.

b. USART I/0

The control terminal is an electronic data terminal operating at
i rate of 300 bits per s-cond, Reference 1. At the initiation of each
training session, the conputer connects the output serial data stream from
the 8251 programmable comunication interface or Universal Synchronous/Asyn-
chronous Receiver/Transmitter (USART) to the terminal. The computer, there-
fore, is able to carry on a two-way conversation with the squad leader in
order to obtain "initialization" data as shown on Figure 6. The computer
questions the squad leader and prompts for answers by issuing the character

During the actial training session, the USART output is switched
to the digitized word audio system. When the session is finished, the squad
leader strikes/presses the start/print button on the instructor's console
and USART output is again directed to the terminal which types out hard copy
scores, as also shown on Figure 111-20.

c. UPI-41 MICROCOMPUTER OUTPUT )
During a training session, console CRT data are output in parallel

from port 6 of the 30/2C-4 single board computer to an 8741 Universal Peri-
pheral Interface Slive Microcomputer (UPI-41) on the IFB. The UPI-41 de-
codes the parallel data and sends a 19,230 BAUD, 7 bit ASCII data stream to
the console CRT. The console CRT translates the serial data stream into a
score message and (isplays the message in the column reserved for the appro- 3
priate rifle. The UPI-41 also monitors the setting of 5 control switches,
one for each rifle which allows the squad leader to inhibit the display of
scores for any or .11 rifles. 3
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WANT ID YES OR NO "INITIALIZE" PORTION OF TRAINING
NO SESSION
LET'S START

RIFLE: 1

YOUR RESULTS ARE: SESSION PROPER.
NO OUTPUT TO TERMINAL . OUTPUT

TOTAL SHOTS: 99 IS VIA VOTRAX DIGITIZED AUDIO
HITS: 16 WORDS & CONSOLE CRT. THIS

1 MISSES: 29 PHASE IS TERMINATED BY AN
LOWS: 2 INTERRUPT FROM TERMINAL.
LOW RIGHTS:
RIGHTS: 6
HIGH RIGHTS: 3

I HIGHS: 4 "PRESENTATION OF RESULTS"
HIGH LEFTS: 8
LEFTS: 22
LOW LEFTS:
NO TARGET: 9
TARGETS IGNORED: 8
TARGEfS SHOT AT: 30
AVERAGE TIME: 1.2 SECONDS

OH WELL: THERE'S HOPE IF YOU SPEED UP
YOUR OVERALL SCORE IS: 37

3
1
3

Figure 111-20. 'ypici,1 Printout Format on Terminal
(Cont nues for all 4 rifles)
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I
The IJPI-41 sysiem d-scription is divided into four parts: part

1, a functional sumnary nd a component interface description are presented.
Performance criterit are also established in this section. Part 2 describes
the fac.ilities available within the UPI-41 and explains their use in the pre-
(,ont aipplication. Dart describe,, the UPI-41 control program and part 4
evaluates the systen wit, respect to assumption validity, performance criteria,
and maximum system :apablities. The source program is given in Appendix D.

d. UPI-I1 MICROCOMPUTER OUTPUT II

(1) Syst-m Description )
The function of the intelligent controller is to receive paral-

lel data from the S3C 80/20, decode the data, and cause a message to appear
on the ADM-3A screen bas,,d upon the content of the data received. The con-
trol switch settings also affect controller operation, but only secondarily.

A block diagram showing the system component relationships )
appears in Figure 111-21.

INTLUIGENT i

CONTROLLER

A~M-3A

CONTROL"

SWITCHES

Figure 111-21. UPI-41 Intelligent Controller System Block Diagram
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f The following de,,cribes the three component interfaces shown
in the figures: SBC 80/2C to controller, controller's to ADM-3A, and con-
trol switches to controll(r.

I(a) (.BC 80/20 To Controller Interface

* The SI;C 80/20 to controller interface is comprised of
three sets of connections The first set, consisting of 8 data lines and
I control line, are the dtta trinsfer connections. The second set consists
of the clock conections ihile the third set consists of only one connection,
the initialization connection.

Data Transfer Connections

-. 
The 8 data lines of the data transfer set connect

an 8 bit output port on tie SBC 80/20 to the 8 bit Interface Register of
the UPI-41. Th-re are sic 1/0 ports on the SBC 80/20 numbered 1 through 6
(1). These ports are divided into the Group A ports, 1-3, and the Group B
ports, 4-6. Ea,:h port group corresponds to a single 8255 Programmable Peri-
pheral Interfac , PPI. Fort 4 of Group B is programed as an output
port and used fin the SBC 80/2(0 to UPI-41 data connection.

Fo tr.nsmit data to the UPI-41, the SBC 80/20
places data on j)ort 4 and sends a Data-Available pulse to the UPI-41 over
the control lin,. The Data Aviilable pulse is software generated and is
transmitted thr,)ugh port 3 of 3roup A 8255. The length of the Data Available
pulse is set by the time equi~ed to execute the instructions necessary to
change the logic level of the :ontrol line twice, first from high to low,

* then from low t,) high. F)r th SBC 80/20 this results in a 10 microsecond
pulse. The maximum pulse length to the UPI-41 is set at twice the instruc-

* tion cycle length, or 6.5 micr,)seconds; therefore, the 10 microsecond
* lData Available pulse is sent to the one shot within the controller where it

is shortened to 1 microse:ond. The 1 microsecond pulse from the one shot
* upplies the WR input to the UPI-41. On the rising edge of this pulse the
data on the SBC 80/20 out.)ut port is latched into the UPI-41 Interface Regis-
ter. SBC 80/20 to controller data transfer connections are illustrated in
Figure 111-22.

4 "Each byte of data transferred from the SBC 80/20
to the UPI-41 contains two kirds of information encoded into separate fields
within the byte. The three most significant bits contain a source identi-
fier encoded in straight binary, and the four least significant bits contain
a message identifier, also in straight binary, see Figure 111-23. Bit fourI is not used.

The rate of data transfer from the SBC 80/20 to
the controller can be characterized by three separate data transfer rates of
which the last two will be of interest. The first two rates are determined
by the SBC 80/20 input configuration, Figure 111-24, while the third is de-
termined by the input configuration in combination with the SBC 80/20 data3 processing rate.

The SBC 80/20 input configuration consists of 5
input .ources, ihere each source contains a data latch and a service request3 line. When dati is latched into one of the sources, the SBC 80/20 receives
a service reques.t signal from that source. For each service request that
the SBC 80/20 rosponds to, a data byte will be sent to the controller.
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BC 8( 20 CONTROLLER

GROW A

PORT 1 ONE SHOT
PORT 2

POR 3. ONE UP_.41

PORT SHOT

GROUP B

PORT 4

Figure 111-22. SBC 80/20 to Controller

S
MOST SIGNIFICANT LEAST SIGNIFICANT

BIT BIT

BIT7 I IDITOi

SOURCE UUUS[D MESSAGE )
IDENTIFIEf IDENTIFIER

Figure I1-23. SBC 80/20 to UPI-41 Data BYTE
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A

SOURCE 1 T DATA

A H SERVICE REQUEST 1

A
SOURCE 2 T DATA

* CH SERVICE REQUEST 2

A
-SOURCE 3 T DATA SBC 80/20 CONTROLLER

C
HL

4-* LSERVICE REQUEST 3
A

SOURCE 4 T DATA
CIH SERVICE REQUEST 4

4

A 6
SOURCE 5 T DATA

t H 5 SERVICE REQUEST 5

3Figure 11 -24. SBC 80/20 Input Source Configuration
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The first data transfer rate is the average
transfer rate and occurs when the 5 sources are initiating service re-
quests at their norminal rate. The second data transfer rate is a peak
average rate, and occurs when all 5 sources are initiating service re-
quests at their maximum rate of 12 per second. This condition results ,
in a peak average rate of 12 x 5, or 60 transfers per second. The third
data transfer rete is the maximum rate, and occurs anytime there are sim-
ultaneous servi(e requests to the SBC 80/20. This rate is determined by
the processing rate of the SBC 80/20. Analysis using: (1) real-time
emulation under control of Intel's In Circuit Emulator, ICE-80, (2) tabu-
lation of instructions executed and their execution time and (3) experi-
mental determination, indicates that the SBC 80/20 processing rate is
approximately 200 inputs per second.

As indicated before, the peak average transfer
rate of 60 transfers per second, and the maximum transfer rate of 200
transfers per second are the relevant quantities characterizing the data
transfer interface.

To keep up with the SBC 80/20 over extended per-
iods, the processing rate of the UPI-41 must equal or exceed the SBC 80/20
peak average transfer rate, and to keep up with the SBC 80/20 when simul-
taneous service requests have occured, the reception rate of the UPI-41
must equal or exceed the SBC 80/20 maximum transfer rate.

The requirement on the UPI-41 processing rate will
be used in the sequel to determine the baud rate used in the controller to
ADM-3A interface, while the requirement on the UPI-41 reception rate will
be used to establish the necessity of a data queue within the UPI-41.

One final point is that there are no provisions
for the UPI-41 to indicate that it is ready to accept a data transfer fromU
the SBC 80/20. Thus, the data queue mentioned above will be filled by aninterrupt driven procedure. This technique will assure that a data byte

has been removed from the Interface Register before an additional data
transfer can occur.

2. Clock Connections

The clock connections supply the UPI-41 clock in-
puts, Xl and X2. A single line from the SBC 80/20 supplies the controller
with a 9.216 megahertz clock which the SBC 80/20 makes available as the
BCLK output. Within the controller, the BCLK frequency is divided in half
by a 7474D flip flop. This division is necessary to bring the BCLK fre-
quency within the 1 to 6 megahertz operating range of the UPI-41. The Q
and Qo outputs of this flip flop supply the UPI-41 inputs, Xl and X2, with
a 1800 out of phase 4.608 megahertz clock. While the UPI-41 is capable of
generating its own clock by connecting a crystal to the Xl and X2 inputs,
tie BCLK frequency is used since the standard asynchronous communication
frequencies can be derived from it. The clock connections are shown in
Figure 111-25.
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SBC 80/20 CONTROLLER

9.216 MHz 4.608 MHz UPI-41
BLCK 1 - D X1

4.608 MHz
- X2

Figure 111-25. SBC 80/20 to Controller - Clock Connections

3. Initialization Connection

The initialization connection is between INIT out-
put of the SBC 80/20 and the RESET input of the UPI-41. A low going pulse
on this line causes the c)ntrol program of the UPI-41 to begin execution
at location 0.

4 (b) Controller to ADM-3A Interface

The controller to ADM-3A interface consists of a single line
which originates from line 0 to port 1 on the UPI-41, passes through the
75188 inverting line driver, and terminates on the Receive Data, RXD, input
of the ADM-3A. The line driver converts the TTL output of port 1, 0 - 5
volts, into RS-232C logic levels of ± 12 volts.

f Information is transmitted from the UPI-41 to the ADM-3A
serially using 7 bit ASCII code under the RS-232C communication protocol.
For this application, the number of bits per character has been minimized by
using a single stop hit and no parity bit. For a given serial transmission
rate this configuration will result in the fastest possible character trans-
mission time. This time is an important consideration, as each parallel
byte received by the controller from the SBC 80/20 will require a 22 char
acter message to be transmitted. With the single start bit, the 9 bit ser-
ial character appears as shown in Figure 111-26.£
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2 16JjTIME l

MARKING START [ATA STOP MARKING
BIT BITS BIT I

Figure 111-26. Serial Transmission Character

Each data byte received by the UPI-41, except as noted in the
next section causes a string of 9 bit characters to be sent from the
UPI-41 to the ADM-3A, a 24 lino by 80 character CRT display.

The funcl.ion of the ADM-3A is to provide three kinds of informa-
tion , oncerning th. SBC 90/20 inputs to an observer. The ADM-3A displays
a mes,.age, indicats the SBC 80/20 source corresponding to the message,
and reflects the o-der of input occurrence. The message is indicated by
the characters dis)layed on the screen. The source is indicated by divid-
ing the ADM-3A scr, en into 5 columns of equal width, with the first column
reserved for sourc,? I message,, the second column for source 2 messages,
and so on for the Five source,.. The order of inputs is indicated by scroll-
ing the display 1 line each time a message is displayed.

For a screen width ()f 80 characters, and not allowing an overlap
of columns, the me;sage field for each source is limited to the integer
portion of 80/5, or 16 characters. The ADM-3A screen use is illustrated
in Figure 111-27.

To implement the function of the ADM-3A as described above requires

that 22 characters be sent to the ADM-3A for each SBC 80/20 to controller
transfer. The 22 :haracters are sent in 3 groups: a cursor control group, S
a message group, aqd a display control group.

The first group sent, the cursor control group, contains four )
chara ters which ciuse the cursor to the ADM-3A to position itself at the
beginiing of one of the five message columns. The first two control charac-
ters 'escape" and 'equals", activate the ADM-3A cursor positioning logic,
while the next two characters are interpreted as the X and Y coordinates of )
the nei cursor position, respectively. The Y coordinate sent is always the
ame, )37H, and selects the bottom line of the display. The X coordinate
s det,,rmined by the SBC 80/20 input source.

The sec(nd gr,)up sent, the message group, contains 16 characters.
hese haracters will b' printed on the screen of the ADM-3A in the message
ield ihose legint-ing wis established by the cursor positioning control

0 r'OUpi.

42

i .ID



SOURCE SOURCE SOURCE SOURCE SOURCE
1 2 3 4 5

COLUMN COLUMN COLUMN COLUMN COLUMN

2

(3

2 2 3 I

4
5
6
7
8
9
10
11
12
13
14
15

, 16
!: 17
' 18

19
(i20 MESSAGE

21 MESSAGE
22 MESSATE

~23 M4ESSAGE ESG
24i I I I

t 80 CHARACTERS

Figure 111-27. ADM-3 Screen Use
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The third group sen;, tho dis- lay control group, contains the re-
maining 2 characters. These ,'haracters, a carriage return and line feed,
cause the display to scroll u.) one line in preparation for the next control
gr up I sequence.

The complte 2? chaacters string appears as shown in Figure 111-28.

1 2 3 4 1 16 1 2

CONTROL . CONTROL
GROUP 1 GI* ,., GROUP 2

Figijre 111-28. Ch, racter String Transmitted to ADM-3A

The final aspe, t ol the controller to ADM-3A interface is the ser-
ial transmission rate to be ised. Havirq now established (1) the number of
r.haracters sent by the cuntr(ller to the ADM-3A per SBC 80/20 input, (2) the
number of serial bits pe character, 9, and (3) the UPI-41 processing rate
requirement, 60 transfer /sec, a minimum serial transmission, or baud, rate
can be computed as:

22 cnaracters/SBC 80/20 transfer x
minimum baud rate = 9 bits/character x (1) S

60 SBC 80/20 transfers/second

,r 11,880 bits per second. The next highest, indeed the highest, baud rate
it which the ADM-3A can receive data is 19,200 baud. This value must neces-
arily be chosen as the data transmission rate.

(c) Control Switches, to Controller Interface

The control switches to controller interface is a 5 line connection
between 5 control switch outputs and the 5 least significant inputs of port )
2 on the JPI-41. The design of port 2 on the UPI-41 is such that if nothing
is connected to a port line, the line will read as a logic one, whereas, if
the line is grounded thrcugh a Ik resistor, the port will read a logic zero
(3). The control switch to controller connections are shown in Figure 111-29.

During the pro(essing of a data byte by the UPI-41, the binary
source identifier is tra,,slated into a linear select code which is then com- 2
pared with the switch setting on port 2. If the switch corresponding to the
source identifier is set in the abort position, a logic 0 is present and a
me sage will not be sent. This is the exception referred to in the controller
to ADM-3A interface description. If the switch is set in the display position
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a lo(iic true will be present and a message will be sent.

This concludes the overall system description. The
next two sections will describe the principle device within the intelli-
gent controller, the UPI-41 single chip microcomputer.

w

4

D1- A4Y

-0 

4

DI AY 1K

o2 P;R

y 0
0 f OiRT

D I :'L A Y o ' !)R T

PUE I I ',TPGL , 

Figure 111-29. Control Switches to Controller Interface

e. UPI-41 'ICROCOMPUTER OUTPUT II

The UPI-41 single chip microcomputer provides the intelli-
gence of the intelligent controller. The block diagram in Figure III-
30 illustrates the facilities available within the UPI-41.

A described in the previous section, the interface register
is used for communication with the SBC 80/20, port 1 is used for com-
munication with the A[M-3A, and port 2 is used for communication with
the control switches.

Program memory is divided into 4 pages of 256 bytes each.
These pages are numbered 0 to 3. Page 0 contains the main loop of the
control proqram, while page 1 contains the various subroutines called
by the main loop. Page 3 has a special feature in that data bytes can
be transferred from it to the accumulator using the current value of
the accumulitor as a pointer. This "table lookup" feature is used to
access the message strings which are sent to the ADM-3A. 16 messages
of 16 characters each are stored, using all 256 bytes within the page.
Program memory configuration is shown in Figure 111-31.
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8I
8

CPUTMRBI PORT lI-
Cpu TIMER

REGISTER - -,|

MESSAGE

8*
PROGRAM DATA POT 9AI
MEMORY MEMORY

1024 X 8 64 X 8

)
Figure 111-30. UPI-41 Single Chip Microcomputer Block Diagram 3
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3FF

PAGE j MESSAGE STRINGS

300
2FF

PAGE 2 UNUSED

200
lFF

PAGE 1 SUBROUTINES
4

100
FF

PAGE 0 MAIN PROGRAM

LOOP

0

Figure 111-31 UPI-41 Control Program Memory Map

RAM within the UPI-41 serves three purposes: it contains
the registers, the subroutine and interrupt stack, and the variable
data storage locations. The distribution of the 64 RAM locations be-
tween these three functions is shown in Figure III-32.

The registers in bank 0 are designated RO-R7, while those
in bank I are designated RO'-R7'. Only one register bank at a time

W an be iddressed. Bank selection is accomplished by executing a spe-
:ail select register bank X, SELRBX, instruction where X is either 0
)r 1. The registers of bank 0 are used for data processing and message
transmission, while those of bank I are used for queue control.

The UPI-41 contains a rather sophisticated timer which was
valuated for use as the bit interval generator for UPI-41 to ADM-3A
,erial transnissin. A. several difficulties were encountered, the
use of the timer 4hile representing a possible area for future research,
was rejected in favor of a software timing approach. The software tim-
ing routine 'ill be described, along with the rest of the UPI-41 con-
trol program, in the next section.

4
3 47

.3"4-



)
C)

VARI, B E
DATA DATA QUEUE

STORAGE

32 __ _

31 DAA RECEPTION, STORAGE, AND

REGISTER BAN, 1 REMOVAL COrTROL
24

23

SUBROU INE NDSUBERRU I'T SND '~SUBROUTINE ANI) I. ERRUPT CALLS
INTERRU '1 S--, CK

k DATA DECODE AN') MESSAGE TRANS-
i,EGISTE BA; r, 0 MIS' ION

2Figu e II -32. tJPI-41 RArl Memory Mn1{

LD



3

3 f. UPI-41 CONTROL PROGRAM IV

The UPI-I1 program is written in MCS-48/UPI-41 assembly lan-
guage. It was assembled using a cross assembler operating on an Intel
Microcomputer Development System, MDS-800. The machine code was burned
into the EPROM program memory of the UPI-41 using an Intel Universal
Prom Programmer and the Universal Prom Mapper Software. The assembly
of the program and the burning of the EPROM were done under control of
the Intel System Implementation Supervisor, ISIS I, operating from an
Intel Dual Floppy Disk Drive.

4 The program description is divided into three parts:

* Initialization procedures
4

0 Data reception and storage

4 * Data decode and message transmission

The program listing is located in Appendix "D", flowcharts ap-
pear in Figures 111-33 through 111-35.

4
(1) Initialization Procedures

The first section of the UPI-41 program performs func-
tions which are necessary prior to data reception. These functions are
the initialization of registers and the initialization of the ADM-3A
screen. The values placed in the various registers will be explained

4as they are encountered within the program. The screen initialization
procedure consists of clearing the screen and positioning the cursor in

*the bottom left hand corner. The screen is cleared by transmitting a
4 special character, OIAH, to the ADM-3A, while the cursor is posi-

tioned using the 4 character cursor positioning sequence described pre-
viously in the controller to ADM-3A interface section.

As the final step in the initialization procedures, the
UPI-41 enables itself to data reception by outputting a logic zero to
9 rt 2 line 7. This port line is connected to the UPI-41 chip select,

input. Since all port lines are in the logic high state following
a system reset, UPI-41 input is disabled until the output instruction3 is executed.

(2) Data Reception and Storage

When data is written into the UPI-41 interface register
by the SBC 80/20, an interrupt request is generated. Upon recognition
of the interrupt, the interrupt vector jump at locations 3 and 4 in
program memory is executed, and the interrupt service routine, lines
118 through 134 in Appendix "0", is entered. The interrupt routine in-
puts tie data from the interface register and places the data in a
queue. A flowchart of the interrupt service routine appears in Figure
111-34.
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Figure 111-34. UPI-41 Control Program Flowchart - Interrupt Service Routine
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2) SAVE CUTOREGSE N
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TER
3) STORE DATA AT "PUT POINTER"
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iS
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RESTORE ACCUHJLATOR

RETURN
AND I

RESTORE STATUS

52 2
Figure 111-35. Interrupt Routine Flowchart
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I It was pointed out in the section describing the SBC
80/20 controller interface that the UPI-41 reception rate requirement
would necessitate the data queue. The necessity for the queue can be
shown as follows:

Unless the 19,200 baud rate can meet the UPI-41 reception rate require-
ment as well as the processing rate requirement, it is necessary to pro-
vide a data queue to prevent data from being overwritten in the inter-
face register. For this condition to be met, the 19,200 baud rate must
be proportionately greater than the 11,800 minimum baud rate by at least
the proportion of the reception rate requirement to the processing rate
requirement, or

19,200 M 200
k11,800 = 60 (2)

as this is not true, a queue must be maintained.

To meet the storage requirements a First In First Out, or
FIFO, stack is implemented in the variable data storage area of the RAM
memory. See Figure 111-36. A FIFO stack allows data to be retrieved so

4 that order of entry is preserved. The operation of a FIFO stack can be
conceptualized by considering a storage mechanism where data inputs are
stacked one on top of the other as they arrive, and where data removal
is accomplished by pulling from the bottom. As an entry is removed, all
remaining entries move down one location. This operation is illustrated
in Figure 111-36.

4 The problem with this implementation is in moving the re-
maining data entries down. For N remaining inputs, the operation re-
quires 2N memory accesses and 5N program steps as shown below:

(a) Increment pointer

I (b) Load data byte - first memory access

(c) Decrement pointer

(d) Store data byte - second memory access

(e) Increment pointer
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PUT! ~

INPUT N + 1 PUT

INPUT N INPUT N f- 1

INPUT N

INPUT 2

S

QUEUE BASE 1INPUT 2

Figure 111-36. Fixed Base FIFO Operation 3
A more efficient algorithm uses a "get data" pointer as

well as the "put data" pointer used in the implementation above. The
get data pointer allows the "bottom" of the stack to move upward as S
data is removed from the stack. This eliminates the necessity of moving
each of the remniining inputs down. Instead, the get data pointer is in-
cremented once each time data is removed. The put data pointer always
identifies the next location available for data storage and the get data
pointer identifies the location of the next value to be removed. The
only problem with this implementation is that unless data memory is in-
finitely long, storage locations will run out at some point. This condi- S
tion being unacceptable, a "top-of-stack" must be defined, and as the
pointers reach the top they must be wraparound. In this application the
top-of-stack has been made coincident with the top of RAM, making the
last location address 63 and giving a stack size of (63-32) +1, or 32
locations. As each pointer reaches location 63, it is returned to loca-
tion 32 instead of being incremented further, Implemented in this manner,
the number of steps required for a data removal is independent of N and, )
for the UPI-41, has a maximum value of 5 as indicated by lines 85 through

89 of the program listing.
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I For either implementation, some way of determining when
the stack is full must be available. For the two pointer implementa-
tion, the queue full condition is easily detected by maintaining a
queue status value which indicates how many entries are presently on
the stack. If a check of the queue status register indicates that the
queue is full, additional data must be rejected to avoid overwriting
of the earliest entry with the newest entry. Since the UPI-41 has been
designed to meet the processing rate requirement, it follows that the
maximum stack usage must be less than or equal to the number of SBC
80/20 input sources, or 5; therefore, the queue full condition can
never occur in this application. Use of the queue status value in this
application, then, is limited to determining when data is available on
the stack. Figure 111-37 illustrates the operation of the moving base3FIFO stack.

The put and get data pointers, the queue status, and the
constants used to determine the pointer wraparound and queue full condi-

9 tions are located in register bank 1. Also, since the data reception
4' routine is entered in response to an interrupt, another bank 1 register

is allocated for accumulator storage. Finally, one register is used for
9temporary data byte storage during computations.

4 EMPTY 3 ENTRIES 2 REMOVALS

63 63 63

S EMPTY EMPTY

PUT
4 PUT

INPUT 3 GETW INPUT 3

U GET INPUT 2 EMPTY

* GET 32 INPUT 1 32 EMPTY 32

33 ENTRIES 32 REMOVALS

tt 63 63

FULL

EMPTY OTHER
OPERATIONS

GET INPUT 3 PUTIPUT -W EMPTYGE
INPUT 33 32GE  INPUT 33 32

Figure 111-37. Moving Base FIFO Operation
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Registers 0 and -re the only locations which can
serve as pointers into the va ible ciita storage area; therefore, V
the get and put data pointers are defined as the contents of regis-
ters 0 and I respectively, the other locations are assigned arbit-
rarily as per Table III-1. 3

TABLE 111-1. REGISTER BANK 1 MAP

Register 7' Temporary Storage

Register 6' Queue Status Con. = 224

Register 5' Wraparound Constant = 193 3
Register 4' Unused

Register 3' Accumulator Storage

Register 2' Queue Status 3
Register 1' Put Data Pointer

Register 0' Get Data Pointer

I
(3) Data Decode and Message Transmission

Once data is placed in the queue by the interrupt ser-
vice routine, a check of the queue status register, lines 80 and 81
of the program listing, will indicate that data is available for pro-
cessing. The program will then enter the main program loop, line 82,
where the data decode and message transmission function begins.

This section of the program can be divided into 3 seg-

ments:

(a) Data access 3
(b) Source processing

(c) Message processing

1. Data Access

The function of the data access segment is to
remove a data byte from the queue and perform the transition between
register bank 1 operation and register bank 0 operation. The data re- 3
moval steps are reminiscent of the steps performed in the interrupt
routine, while the bank transition is accomplished by placing the data
in the accumulator and then selecting the new register bank. A flow-
chart is shown in Figure 111-38.
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Figure 111-38. Data Access Segment Flowchart
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Register bank 0 is used for the remainder of )
the program. All lo(ations within this bank are assigned arbitrarily
as shown in Table II -2.

TI)BLE 111-2. REGISTER 0 MAP

Register 7 Data Byte

Register 6 Message Length Constant

Register 5 Binary Source Identifier

Register 4 Linear Select Source Identifier

Register 3 Message Identifier

Register 2 Relay Counter

Register 1 Unused

Register 0 Serial Transmission Counter

2. Source Processing

The fuiction of the source processing segment,
lines 93 through 98, is to use the source identifier portion of the
data byte to (1) det(rmine whetier a message tranmission is desired
and (2) position the cursor at the proper place on the ADM-3A screen.
The source processinq segment colls three subroutines; MASK, LOCSET,
and TAB.

Sibrou-:ine MASK, lines 144 through 156, coverts
the binary source identifier in:o the linear select identifier through
the use of the lookup tabl3 locited at MSKDAT, line 143. The subroutine
then performs the coniparis)n wi:h the port 2 control switch lines and
sets a flag accordin(i to tie re,;ult.

Subroutine LOCSET, lines 161 through 168, sends
the characters which activate the cursor control logic and the Y coordi-
nate value to the ADM-3A.

Sjbroutine TAB, lines 157 through 160, converts
the binary source identifier into the proper X coordinate value and com-
pletes the cursor positioning sequence by transmitting the coordinate
value to the ADM-3A.
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3. Message Processing

The function of the message processing seg-
ment, lines 99 through 112, is to convert the message identifier por-
tion of the (lata byte into the page 3 address of the message string,
output the message string, scroll the ADM-3A display one line, and
return to the queue status checking loop.

The page 3 address of the message string is
produced by multiplying the binary message identifier by 16. Thus,
the message identifier is converted into the starting address of a
16 character string which makes up the message. The multiplication
is accomplished by swapping the high and low order nybbles of the data
byte and then masking out the low order nybble. This operation is
equivalent to four left shifts and, therefore, multiplies the source
identifier by 24, or 16.

Subroutine STROUT, lines 169 through 175, uses
the message address produced by the preceeding multiplication and the
string length constant contained in register 6 to control the transmis-
sion of the 16 character message string to the ADM-3A.

The CRLF procedure, lines 107 through 110,
cause the scroll of the ADM-3A display by sending the carriage return

4 line feed combination.

Finally, register bank 1 is selected so that
when the jump at line 112 occurs the register bank containing the queue
status value, R2', will be addressed by the WAIT loop.

This completes the description of the control
program except for the subroutine which controls character transmission.
This function is accomplished by the OUTPUT subroutine, lines 176i through 191.

It was noted in the description of the clock
connection, section II, that the 4.608 megahertz clock input to the
UPI-41 would be used to generate the proper communication frequency.
The following discussion explains this process and the operation of
the OUPUT subroutine,

Each instruction in the UPI-41 instruction
set consists of either 1 or 2 instruction cycles. Each instruction
cycle consists of 5 machine states and each state consisits of 3 clock
periods. See Figure 111-39.

CLOCK

STATES STATE I STATE 5

CYCLES INSTRUCTION CYCLE

Figure 111-39. UPI-41 Instruction Cycle
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The instruction cycle execution raLe, then, is 1/15 of 3
the input clock rate or 307,200 instruction cycles per second. The

instruction cycle execution rate divided by 16 produces the serial

transmission rate of 19,200 baud. Therefore, a bit interval, i.e.,

the time a serial bit should be present on port 1 during transmission,

is exactly 16 instruction cycles. A 9 bit character can be transmitted

by constructing i loop which places a new serial bit on the port 1

transmission line every 16 instruction cycles. 3
The OUTPUT subroutine, Figure 111-40, expects the 7

least significant accumulator bits to hold the 7 bit ASCII representa-

tion of the character to be sent. As 9 bits are required to send a

complete character, including the start and stop bits, the 8 bit accum-

ulator and the carry bit are catenated to form a 9 bit register. The

accumulators most significant bit and the carry bit serve as the stop

and start bits respectively. Once the 9 bit register is set up with

the character, the bits are sent by successively rotating the bits into

the least significant bit position of the accumulator and then output-

ting the accumulator to port 1.

Instructions 1, 2, and 3 set up the character, the trans-

mission loop begins at line 180. Note that the number of instruction

cycles required for each instruction in the transmission loop is shown

to the right of the instructions.

for the first eight bits transmitted, program execution

proceeds through the steps indicated 1 through 8. As can be verified

by the reader, 16 instruction cycles are executed between bit changes. I

3
OIUT01' 1

NO RB,WH ;SERIAL BIT COUNTER
NOV &RI GET ASCII RCTER TO BE OTPUT
IL P1,INM ;KIT OUT b'TMR BIT

MWY R2, 4 ;SET UP' DEA Loop LENj

LO.L: UL Pi,A OICPUT RRENT BIT OF SERIIL CO(E
r A ;GET NEXT BIT OF ASCII CODE

NaP ;I IT I IITION CVCLE TO COIQPENSIE )
;FOR R l A SINLE OPE RTION

NO R2,OW ;SET UP DELA LOOP ugB5H
CALL DELAY
o IE RLOOPI TEST FOR 7 BITS OUIUT
OIL PIH ;PUT OUT STOP BIT
MW R2, 1S ;SET UP DON' LOOP LEWT

J WINER ; IF IN EW sEaN ow W&E TNIM'TS
EN I

W1IEN: NET ;REUR R FRM SROUTINE 2

Figure 111-40. UPI-41 Character Transmission Subroutine
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Program flow for the final bit proceeds through the
steps indicated A through E. While this sequence requires only 9 in-
struction cycles, analysis of the complete program shows that for any
set of conditions a minimum of 8 additional instruction cycles will be
required to reach the initial ouput instruction for a new character.
Thus, a minimum of 9 + 8, or 17, cycles will be executed exceeding the
minimum of 16 by 1 cycle. But, as there is no maximum length for the
stop bit since its level corresponds to the nonactive, or "marking"
state, the value 17 is acceptable.

5 The instruction executed just prior to entry into the bit
transmission loop diables interrupts, while the instruction just before
the return reenables them. Interrupts must be disabled during transmis-
sion of a character since the occurance of an interrupt service routine
would insert extra instruction cycles, thereby destroying the integrity
of the software timing loop.

As a concluding remark on the UPI-41 control program, it
is noted that starting on page 51 of the listing, a sample set of mes-
sage strings is shown.

1 The program listing referred to throughout this section
is the assembly listing produced during the assembly of the UPI-41 con-
trol program source file. This version of the program was used for the
system evaluation to be presented in the next section.

3. 80/80 PROGRAM

I Operation of the 80/20-4 Microcomputer is directed by program code
in three 2716 2KX8 EPROMS. The code was compiled from a program written
in PL/M-80 language. Reference 3 gives a number of PL/M-80 examples.
While reference 5 provides the language syntax and other definitions.

The overall program strategy is shown on Figure 111-41, with more
detail given on Figure 111-42. The program listing is given in Appen-
dix A.

After power has been turned on, the program starts when the 80/20-4
"RESET" button is pushed.

During "initialize" the program issues a series of questions to
the system console and prompts for answers as shown on Figure 111-41.
If desired, the date, training session number, and trainee names are
obtained and stored for future reference. When all identification data
have been collected and other housekeeping details completed, the pro-
gram issues "LET'S START" and the main training session loop is entered.
This loop may be executed along the three different paths indicated on
the flowchart, Figure 111-42.

If there is no target present on the s, een and no rifle trigger
is pulled, i.e., no "action", then path 3 w.ll be selected by program
logic. No data comments are generated during early passes around the
path 3 loop. Subsequent "action" will cause flags to be set and a re-
urn to path 3 may result in a comment of either "NO TARGET" or "YOU
FROZE" being sent to the earphones of any erring trainee. Correspond-
ing error data are filled in RAM memory for the identified trainee
which will lower his score printed out after the session ends.
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"ACTION" is true after a target becomes available and/or a rifle
is "IRED". The session loop will now pass through either path 1 or 2
as dictated by program logic. This logic also determines the proper
data to be filed and comment to be sent to the trainee's earphones.
For example, if the target disappears but the trainee persists in shoot-"NO4ing for more than one second, then a "NO TARGET" comment will be sent
to the rifleman, and a negative score is placed in his data file.

Operation remains locked in the session loop until an escape is
signaled by the squad leader's pushing the start/print button. This
causes a system interrupt and control passes to "PRINT RESULTS" which
produces output as shown on Figure 111-41. The program then returns
to the "INITIALIZE" block and data records are initialized in prepara-
tion for the next training session.

4. SCORE DISPLAY AND WORST PERFORMANCE )
The final score for each trainee is calculated by adding the fol- )lowing items:

100 x (Hits per shot)
60 x (Near misses per shot)

30 if average reaction time = 0.5 seconds, or

20 if average reaction time 0.5 but = 0.9 seconds, or
10 if average reaction time 0.9 but = 1.3 seconds, or
0 if average reaction time 1.3 seconds. p
-2 x (Number of targets ignored)

When the light emitting diode or "LED" is lit under a trainee's

CRT column, he is the "WORST SHOOTER" inasmuch as he has the highest
total of these items:

0 Misses 3

9 Shots with no target present

9 Targets ignored - PP the worst shooter is recomputed each
time a traget is not present on the screen.

5. SELF CHECK 3
The UIWT self check has two parts: (1) an SBC 80/20 check, and

(2) the interface board (IFB) check. These procedures are describedseparately.

a. SBC 80/20 CHECK 3
The 80/20 single board computer checkout requires the inser-

tion of an INTEL SBC 416 ROM extender board on which is located the
test program driver and a duplicate of the UIWTversion 1.2 program.
The duplicate program is contained in five 2708 ROMS. These ROMS are
located at addresses through OCOOOH, see Appendix C.
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Thc. cUtI iack v "if i (, r, (r o )era t i of tne SL,_ menory
I/() ports , t i ,r a, 'id IAR I A compl ete check rev Jiires about a secoiid.
To !,un the ch.ck, the normai 50 pin connectors to "31" ind ",!2" of the
J3O,20 must b( removed and r(-laced with a special test strap which con-
nects input terminals of J1 to output terminals (n J2 ind vice versa
The SBC 416 board must also he inserted into the computer card cage.
While n t necessary, it may be (onveniont to rem(,ve the, interface board
to avoid damage to the wire-wrap pins. The UIWT program is started with
a reset in the normal way. The first thing that the UIWT program does is
to determine if the SBC 416 board is in the card position on the SBC 416.
If the SBC 416 is in place, the program finds a "I" located at address
OCOOOH. If it is not in this location, no transfer acknowledge signal
will be returned. After a millisecond, therefore, the attempt is aborted
and a "00" is read into th3 8080's accumulator. The 00 occurs due to the
1K pullups on the inputs of inverting line drivers. With a 1 found atAOCOH, the test program is conducted, while if a 00 is returned, the
normal UIWT program starts.

The 80/20 test signals its completion by turning on a "LED" lo-
cated near the top right c)rner of the 80/20 barod. If no flashes are
noted, the test was completed in a satisfactory manner. If flashes occur,
some trouble was uncovered, the nature of which is indicated by the number
of quick flashes grouped t)gether. The trouble code is:

1 FLASH RAM FAILURE
2 FLASHES == R')M FAILURE
3 FLASHES I/0 FAILURE
4 FLASHES TIMER TOO SLOW
5 FLASHES TIMER TOO FAST
6 FLASHES USART FAILURE

A TIMER TOO FAST
6 FLASHES == USART FAILURE

4

A flash group is sent for each failure detected, so it is possi-
ble that more than one trouble code may be detected during a single 80/20
test. The test may be terminated only by turning off the power. This
should be done, of course, before any physical changes are made to the
computer.

b. IFB SELF TEST

To test the interface board, the 80/20 test SBC 416 board may
be removed from the card cage and the IFB reinserted. The normal 50 pin
rifle input strap connector and the 34 pin strap connector must be re-
moved. A special strap must be connected between the 50 pin rifle test
simulator output and the 50 pin rifle input connector.

The CRT and Electronic Data Terminal, LDT, are needed for the
test. The VOTRAX unit may optionally be disconnected or left connected.

To conduct the test, the UIWT system is started as usual by a
start or reset. When the query "WANT ID YES OR NO?" is presented on the
EDT, a control-I for "TEST", should be entered. The system should re-
spond with:
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RIFLE SIMULATOR
STRAP IN PLACE?

If no errors are found, the test requires 18 to 19 seconds to
run, and the system responds with:

TEST COMPLETE.

Hitting any key on the data terminal will result in the standard output
being typed out, as shown in the attached listing.

If trouble is detected, the rifle "ID" number will be typed with
"F" for failure and a coded diagnostic: RES, INT or DAT.

RES The rifle did not receive a reset pulse.

INT The UPI-41 did not receive the data strobe that it
originally sent. *

DAT Improper data was received by the UPI-41.

H. FILM ANIMATION

This section describes the process by which a second projection film
is produced to enable the electro-optic rifle receiver to sense targets
on the movie screen and score the trainee's performance.

A black-and-white animated companion film is prepared for simultan- *
eous syncronized projection on an infrared projector with a full color
battle scenario on a second projector. The black-and-white film is ani-
mated frame-by-frame to produce a clear target zone surrounded by an
opaque field. If more than one target is present then more than one
clear target zone is animated within a frame.

Infrared light is projected through the clear target area to pro- -
duce a target zone for the rifle electro-optic sensors. This infrared
target zone is usually animated to directly overlay the visual target
being projected by the full color battle scenario but may also be super-
elevated and/or lead the target as required.

Film animation has been accomplished by inspecting a battle scenario
frame-by-frame on a Movieola (a type of laboratory film analyzer). Each )
frame is inspected for the total number of targets, and target location.
Each frame is catalogued and then compared to each other for target range
and rate of transverse motion measured. Lead and superelevation calcula-
tions are computed from this data for final animation.

Selected target shapes and sizes are prepared for use in the anima-
tion process. These shapes have usually been silhouette, oval, and
circles. The target shape is realized as an opaque shape on a clear
strip of acetate.
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!
The battle scenario is again viewed frame-by-frame in the animation

process. The a imator locates targets according to the script and over-
lays on appropriate target size and shape on a rear projection screen.
Lead and superelevation corre(tions are applied if necessary and then the
battle scenario is removed while a single frame of the animated film is
exposed.

Upon complotion the entire animated film is developed using a rever-
sal process. This proces; causes the opaque target shapes to become
transparent and the background to be opaque. The contrast is adjusted
for a D* = 2.5 or better. A D* of 2.0 has been used successfully.

Copies are made of this master animated film and both battle scene
and the animated films are edge numbered for easy identification and
editing. A final coat of laquer is then added to protect the emulsions
and extend the life of the films.

j" The resolution of man targets beyond 300 meters is difficult and is
*a limitation of the system using standard 16mm film.

No research was done on automating the production of the IR target
film. It is our opinion that research in this area could reduce both
the time and expense of producing the infrared target film.

6
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I
9 SECTION IV

CONCLUSIO NS

9 The UIWT was tested usccessfully by the U.S. Marine Corps and by
the U.S. Army, under the different name SWAT (Squad Weapons Analytical
Trainer). The two -;ystenis are virtually identical except for the num-
ber of trainee firing positions. UIWT has four firing positions while
SWAT consists of five firing positions.

Evaluation of the UIWT's trainirg effectiveness and potential was
performed in November 1979 at Camp Lejeune, North Carolina, by the U.S.
Marine Corps. The evaluation was conducted by three members of Code

a N-241, Naval Training Equipment Center. Three different groups of
Marines acted as test subjects or provided expert opinion. They are as
follows:

(a) 120 enlisted men took part in a quasi-experiment designed to
determine benefits of the UIWT versus a more traditional training method,

$(b) Eight highly experienced snipers evaluated the UIWT for its
* training capabilities. These Marines also serve as marksmanship instruc-

tors,

(c) A variety of General, Field and Company grade officers fired the

I simulator and gave opinions concerning its usefulness.

The following comments on testing are extraced from Reference (8).
4 Generally, the infantrymen were very positive about their experience

with the UIWT. They would like to see deployment of the device into
actual training situations. An overwhelming number stated that they
would rather train in the UIWT than on the pop-up range. The elements
of realism and immediate feedback were the main reasons for infantrymen
satisfaction with the UIWT.4, Without exception the officers who fired and observed the UIWT

opined that it was a valuable training tool. Some officers went so far
as to request that the UIWT prototype remain at Camp Lejeune so that
they could start training Marines. A number of officers expressed con-
cern about UIWT maintainability and reliability. They felt that if the
UIWT was to be used for large numbers of trainees it would have to have
rigid specifications for reliability.

The Marines suggested that there were no special features of the
UIWT system (i.e., feedback, recoil, instructor console, infrared moni-
tor, etc.) which should be deleted. All features seemed acceptable
and desirable to those who evaluated the system.

The UIWT functioned well throughout the study. Breakdowns and mal-
functions occurred on few occasions. This performance record is even
more impressive when it is considered that this version of the UIWT is
a prototype. The maintainability and reliability of the UIWT, based upon
this evaluation, must be considered as good. Future iterations in the
production format should only serve to increase these two characteristics.
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Despite test limitations, the UIWT evaluation was considered to be
successful by those participating in the evaluation. The overwhelming
enthusiasm for the training device, exhibited by the Marine personnel
who fired it and observed it, gave evidence of tis potential usefulness. )

The evaluation of the UIWT at Camp Lejeune produced positive find-
ings. Every characteristic of the UIWT met with approval. An evaluation
of trial scores on the UIWT provided empirical evidence of the UIWT's
effectiveness.

No formalized Program of Instruction (POI) exists for team firing
training. Consequently, none was administered with the UIWT evaluation. S
This area of training should be given consideration in the future. Pre-
sently the instructor merely gives informal directions on how a fire
team should function. The same informal procedure is followed for marks- )
manship instruction. Observation of the UIWT evaluation identified a
number of factors which should be formally addressed in instruction for
team fire.

(a) How large is a fire sector?

(b) Enemy tactics (i.e., Warsaw Pact, Vietnamese)

(c) Ammunition rationing 5
(d) Change in fire team tactics if a member is made inoperable

(i.e., gun jams or casualty)

There is presently no training which accomplishes the objectives
that the UIWT addresses (e.g., fire team training, on board ship practice
and training, and providing realistic combat scenarios which require
application of proper aiming techniques). Since the Marine Corps deems
these objectives to be important, it is recommended that the UIWT effort
be funded and prepartion be made for contractor production of the system.
In addition, development of the UIWT's capability to simualate other in-
fantry weapons such as the TOW, DRAGON, motars, etc., should continue.
Also, any formalized instruction should include techniques for firing at
moving targets (including leading, firing into brush cover, and firing
through smoke). It is possible for an instructor to forget to cover S
many of these important points when it is presented in an informal manner.

The UIWT has a counter which allows the number of rounds fired during 3
a session to be accurately assessed. This counter showed that over
40,000 electronic rounds were used for the evaluation. Presently, costs
for live M-16 ammunition are approximately nine cents per round. At this
rate, the UIWT accomplished an ammunition cost savings of nearly $4,000. 3
rhis figure if applied to a year's worth of training, would be a signifi-
cant savings. At this rate the UIWT would pay for itself in a year. If
the transportation fuel costs were added to the ammunition cost the sav- 3
ings would be even more impressive.
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* The U.S. Army test was conducted by the U.S. Army Infantry Board
(USAIB) for the Directorate of Training Developments, U.S. Army Infantry
School (USAIS), Fort Benning, Georgia (See Reference 9). The test was
conducted 22 January through 5 March 1980, employing test soldiers from
the U.S. Amy Marksmanshio Unit and TOE units. Testing included use of
the SWAT as a vehicle for training riflemen a technique of engaging
moving personnel targets. A comparison of record fire scores, achieved
by personvel trained on the SWAT, on the Infantry Remoted Target System,
Defense Test Range, and a no-training control group, was conducted to
address traininq potential. Figure IV-I indicates the results of firers
interviews concerning the SWAT weapon and SWAT targets. Some of theImajor findings were that test soldiers improved their firing performance
on three iterations of SWAT firing, but not on three iterations of DTR
firing. It is stated that "this test does give some evidence of the
SWAT system's potential for training transfer. However, a final estimate
of the systems training value cannot be made until a training program is
developed which optimizes SWAT performance".

4
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'INTERVIEW (MEANS) M16Al

UIWT WEAPON 1 2 3 4 5 6 7

I Ease of zeroing (easier-harder) I ,

2 Recoil (less-more) .____

Muzzle climb (less-more) ___

4 Amount of noise (less-more) I

5 Sound duration (shorter-longer) 0 I

6 Trigger squeeze (easier-harder) i
7 Amount of slack in the trigger

(less-more) - -

8 Balance (worse-better).i.
- '

9 Weight (lighter-heavier) - - -

10 Ease of magazine change I I
(easier-harder)

11 Accuracy (less-more) *

12 Obtaining a good sight picture I
(easier-harder) , -

I I
13 Getting a hit (easier-harder) - -

14 UIWT training (worse-better) 3
B UIWT TARGETS

1 Seeing targets at 0-100 meters i 0
(harder-easier) i

2 Seeing targets at 101-200
meters (harder-easier) *1 I

3 Seeing targets at 201-300
meters (harder-easier) I

4 Determining target ranges
(harder-easier) .l I

NO SIGNIFICANT
DIFFERENCE (a = .001)

Note: In all cases the UIWT rifle and targets are being compared
to the Ml6Al and the DTR range. If there was no difference between
them, then a 4 was chosen. The farther away the mean is from 4,
the more difference there is between the UIWT and the M16AI.

Figure IV-i. Results of Firers' Interview (Means)
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e
3 APPENHIX A

1UNCTIONAL DESCRIPTIO:' OF CONSOLE SWITCHES

Figure A-I displays the Inst uctor's Console. The right side
display screen pr(sents printed c( lumns showing trainees results each
time tiey fire, ard indicates by red light which trainee is doing
the pocrest. The miniature toggl switches mqust be in the up (or on)
position for any Irainee particip ting in the exercise. The left side
display screen presents positions of movie targets and indicates where
trainee is aiming and where his r und has been fired in relation to

ALwhere the target ,,ppeaved.

4 On the main, center panel, tie instructor operated switches are

arringed and labeled in groups by function. They are:

1. Main power (single swit,.h)

2. Mi ;rocoviputer (three svitches)

3. Computer Voice (two switches)

4. Projector (two switches)

5. Motor (three position otary switch)

6. Boresite (single switch)

7. Recoil (single switch)

8. Score display (single .witch)

9. Audio Communications (ileven switches)

10. Weapon motion system (,leven switches)

The operation of these switches ollows:

S. MAIN POWER - Applies the ac power to entire console.

MICROCOMPUTER - "On" applie; operating voltages to computer.

"Reset" clears all preiious data from computer and asks if
individual identification of eaci trainee is required. If none is re-
quired, depress any key except Y (For "yes"). Computer will signify
system is ready by printing out "let's start".

"Start print" starts tie hard copy printout process printing
trainees results and analysis.

If individual scoring identification is required, depress the let-
ter Y on typewriter. Computer will ask you for today's date, session
number and to enter in name of first trainee, then instruct you to
identify the others in same manne)r. NOTE: Names of trainees must beg limited to those containing no nore than six letters.
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C)MPUTER VOICE - Permits instructor to activate the computer
voice _:arried to Trairee headphones. The voice reset button should
De pusied whenever th( computer voice is turned on.

3 PROJECTORS - "Lo(ked-Unlocked" switch either locks or unlocks
;ynchvonous motors of IR and visual projectors together so that target
frame and v sual framf coincide, or permits instructor to operate pro-
jectors indfpendently during alignment. For normal operation the
switch shoud remain locked.

tart Movi(" phy;ically starts the movie if motor switch
4Lis not in o'f positior.

4MOTOR - This thrre position rotary switch performs the function
of apply-ing ac pnwer first to projector motor and then to projector
lamps (this proc'dure is conventional in all movie projectors to con-
serve lamp life).

BORESIGHT - This switch allows instructor to override the "tar-
get present" sigial dclivered to computer by the projector, so that
trainees can fir., at the target box instead of the movie screen.

* When lower half )f this switch is illuminated the system is in normal
(movie screen) p)siticn.

RECOIL - This switch gives instructor the option to conduct ex-
ercise with or without rifle recoil.

SCORE DISPLAY - lhis switch clears the right side screen display.

AUDIO (OMMUNICATIONS - This bank of eleven switches permits the
instru(tor lo i!ten in on the headphone of any trainee, and talk to
any one or all trainees.

WEAPON CTION SYTEM - This bank of eleven switches allows the
instrutor t) vie!J,-or, the left side display screen, exactly where
any, or all, tra-nees are aiming and firing in relation to where tar-
(jets a peareJ on movie screen. The upper bank of switches selects the
traine to b ob.,erve('. The lower bank of switches either energizes a

4traine?'s la;er continually or orly when he had fired his rifle. These
,witch s suVly operating £':wer lo the laser attached to each rifle,
aind mu~t be leld pushed in for the laser to operate.

I
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APPEiDIX B

TEST EQUIPMENT

1. !ASER CIECKEP

1he laser checker test box, Figure B-1, allows instructor to
make o go-or -go check of the UIWT tracking l,iser which is attached

* to the simu'ated rifle. Referring to the schematic, Qi is a silicon
photodiode hich responds to IR energy from the rifle laser. When
the rifle t igger is pulld, with the laser positioned a few inches
from the de _ctor, Q1 detects the infra red pulse, and delivers an
output sign ] to Q2.

Q2 is , high gain amplifier whose output is a sharply risingpositive pulse that provides the gating signal required to turn on
silicon controlled rectifier Q3, placing its anode at ground poten-
tial, and allowing capacitor C3 to begin charging up toward Vcc

4Jthrough resistor R5, and energi/es the Sonalert alarm producing an
audio tone (f approximately 2 KHz.

kQ4 is a unijunction transistor oscillator which is enabled when-
ever capacitor C3 is returned to ground. As capacitor C3 starts to
charge towdrd Vcc it produces an exponentially rising DC voltage at
the emitter junction of Q4. When this voltage reaches the breakdown
point for this particular unijunction, Q4, (onducts heavily, shorting
emitter to ground thereby allowing the charge on C3 to dissipate,
lifting th( anode of Q3 off of ground which turns off the SCR, dis-

4 abling the udio alarm, and the entire circuit is again ready for re-
cycling.

Power or tie laser checker is externally provided via binding
posts. Any battry voltage from six to thirty volts may be used. The
audio alarir sound level varies with battery voltage. Fifteer volts
provides m ge than adequate sound level for an average room.

2. RIFLE :HECKER

S By usi Ig an ordinary penlite flashlight as a source of night
energy, an( directing the light into the lens of the rifle roceiver,
the rifle iiecke' test box allows the instructor to confirm that the
four quadr, it detector in the rifle is functioning, the "Full Clip"
feature of the UIWT system is operating correctly, that the rifle
mode select switch, and rifle trigger switch, are also functioning
properly. In addition, the UIWT laser can be tested using the laser
checker in c:onjunction with the rifle checker.

Detecr TEst: Referring to the schematic of the rifle checker,
Figure B-2. conrections to the rifle are made via a T&B connector
identical 'o that with the UIWT system. Connector pin numbers are
identified on tVe schematic. ICI is a quad comparator which estab-
lishes the signE. strength reference level of the IR energy received.
Each of th( four comparators parameters are identical. The desired
reference evel is established on the non-inverting inputs of ICl.
The rifle eteclor outputs appear as signal at the inverting inputs

B-l
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of ICI. When this input signal is of an amplitude equal to the )
reference level established via the variable resistor, the outputs
of ICI rise to a logical "HIGH". This output "HIGH" signal appears
on one input to IC2 which is a quad NAND gate. Since the remaining
NAND inputs are permanently "HIGH", IC2 produces a logical "LOW" at
its ouput, providing a path to ground for that particular LED, allow-
ing it to light up, indicating that the UIWTrifle detector is opera-
tional. By pointing the flashlight beam into the rifle receiver lens )
and moving it about, it is possible to observe that all four quad-

rants of UIWT's rifle detector are indeed functioning.

Ammo Magazine Test: One half of IC4 is a timer arranged to pro- -
duce one pulse of approximately five second duration whenever it re-
ceives an input, thereby testing the "full ammo magazine" feature of
UIWT A "full magazine" is simulated by one whose internally-mounted f
capacitor has been charged. A separate, partitioned-holding/charging
tray which accomodates up to 30 magazines is provided with the instruc-
tor's console. In future modifications, this holding/charging tray
can be incorporated into the console. Referring to the schematic,
when a (charged capacitor) full magazine is inserted in the rifle,
the capacitor discharges into one gate of IC3, a NAND, providing a nega-
tive going signal as input to timer IC4. When IC4 turns on its output
goes "HIGH" allowing LED 5 to light for approximately five seconds. If
an "empty magazine (i.e. one which has expended its full thirty rounds)
is inserted into the UIWT rifle, it cannot energize the circuit and
LED 5 will not illuminate.

Laser Test: This test is performed by one half of IC4. The cir-
cuit is a free-running oscillator delivering sharp positive pulses of
approximately one microsecond duration at a PRR of 5 KHz. This output
is directly connected to the laser input via the normal connecting
cable. When the "laser test" button on the rifle checker box is de-
pressed, the output of oscillator IC4 is allowed to trigger the laser,
and the laser will emit IR energy. )

By setting up the laser checker* box several inches from the laser,
an audio alarm tone indicates correct operation of the laser each time
the test button is depressed. *Circuit operation is described in Para-
graph 1 of this Appendix B.

Rifle Trigger and Mode Switch Test: Correct physical functioning
of the UIWT rifle trigger is verifiedby observing the test lights LED 6
and LED 7. LED 6 will normally be on. When the rifle trigger is pulled
LED 6 goes off for a fraction of time, LED 7 comes on during that in-
stant, and as the trigger is pulled all the way LED 6 comes back on and 3
remains on.

Rifle Mode Switch Test: The UIWT rifle mode select switch is test-
ed by observin teperaton of LED 8 and LED 9. In the semi-auto- 3
matic mode, LED 8 is on and in the automatic mode LED 9 is on.

B-4
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Sn internal dual 'ifte n vc t power supply provides o!)erating
%olta es f(r thE UIWT is well as for the pre-amp receiver in the
UIWT,-ifle. A single ;diniature dry cell forty-five volt battery
withii the test box supplifs operating power for the UIWT laser.

3. IFLE SUBS1 ITUTIO' BOX

Jsing the rifle sUbstitution box, it is possible to simulate
the o)erat-on of a UIW rifle on the instructor's console. It can
simul ite a rifle being firEd either in automatic or semi-automatic
Imode, and (an simulate the target information normally received by
the rifle',, quatrant detector from the projected movie image.

The rifle substitution box is connected to the instructor's

Consoie via a T&B connector identical to that on a UIWT rifle. Power
-or tie test bo> is derived from the console. Operation of the
:rigger switch znd the mode switch are obvious. Capacitor Cl simu-
lates the (apacitor wiich is internally mounted inside of each maga-.:ine. It remains in the charged state via switch SW4 as long as

£ Lhe test box power switch is in the "on" position. When the count-
ing circuit in the UIWT electronics indicates to the computer that
thirty rounds have been expended by allowing no more shots, the in-
sertion of a nev. magazine is simulated by momentarily engaging
switch SWI.

Target information is simulated by the status of four sw tches,
SW5, SW6, S47, arid SW8. ICI is a free-running oscillator del vering
a square wae at a PRR of 96 Hz (which is the rate at which the
projected I', Tar!:et energy is chopped). The output of the os(illatoris delivered to he console via switches SW5 through 8 as simulated

9rifle detecLor s gnals.

Referring t(e the schematic, Figure B-3, the adopted convention
for the four qua(rant rifle detector is shown. Switches may be in-
dependently thro.n to either ground (low) or to the 96 Hz positive
pulse output of Cl, constituting either a true or a false logic
signal to th2 UI4T console. Any one of ten possible combinat-ons of
hit or near niss,,s can be duplicated by these four switches. For
example: Switch,,s SW3, SW4 "Low" and switches SWI, SW2 "High" will
be recorded by toe computer as a "low right" signal from the .,imulated
rifle. Similarly, SWI, SW4, SW2 "High" and SW3 "Low" would s mulate3a UIWT rifle detector condition where IR energy is centered oi those
quadrants. This information would be interpreted by the compiter as a3 trainee having fired "Low" at the target.

4. BORESIGHT BOX

The boresight box, Figure B-4, allows the instructor to ini-

tia'ly checl: the closeness of UIWT rifle boresight alignment. A
fre( running osc~llator ICI with a PRR of 96 Hz delivers input pulses
to a Darlington ,implifier which consists of Ql and Q2. The Darlington

• amplifier pulses a high intensity incandescent lamp at 96 Hz. The,visible portion of light is filtered out so the rifle is aimed at the

black-outlied a ming pip on the box, fires the weapon, receives audio

B-5 A



feedback results via his headphones, and adjusts rifle sights for
accurate alignment of front and rear sights.

Power for the boresight box is supplied externally via one )
small, 12 volt rechargeable sealed-gel battery. The boresight
box can also be utilized as a marksmanship target. The instructor
simply enables the front panel "target present" switch allowing
the UIWT console to disregard target information from the movie
screen, and instead, to accept target information from the bore-
sight box.)

)
)
.)

S
I
1

3
3
3

B-6



IL I
II

a

I* 0 -I. 7.
A ~. ~ 0 Sal Sal aSo

* ,~ - ~4J

zz

o on

0

= 0

0 4

B-7-



W IL
0-

CY z

0f40
Ch.

I-J

U) 0
> 3q
+ 3

8-8



II
4L

APPENDIX C

SYSTEM PROGRAM

4

(.

£

I

gl

i £



Ei EU I I - I N I _

I
3 -I l'>111 F I 'L-l. 111IF' I'' FI. Ill. ''1-If-:,l I. IrJF--; IlA F F'P'bIl F II}', F-FT "

-- 'tI'E:fiL THI t:l I F I AitI L. 1 I

1 --,' ' FI'I- t-I FiL.- I 1- I.Ijt1 [ ;F

w, IFi fIEN TiIn TL-1 F1 1.11141

i I- I L, 4 t N .'It'l It

411 j i t IF Nuf -,
ti . l. 'LH - ' E £ F I,-- f 'Ill' AT ''F

:0- HlI H .YI I RH It [1.3

.1:1 L I'I '''- I it- ' i
.it LII: "_ '. ' I II 'L ri # I- -,

A '-1 H 'T- I Hi'Iit ; L-'1- N I 1 tiE
*1 ::1'4H -. ill IF'53F IE ,-Hi IFf"

;,I ,H -Yti I F LF(i
.:.twH P'rIl t-F HLt, re

:-:C, IH Y-I I 11kF F

4 - II : 'N'ri HI4 it I I t'I
'004H 'I L' ,I I t 1i lI t I' V

t II - .it" IF I .'I II IC 1E

S1-- H ,'M- Ni I ' I. ZE

' -IH .''1 In 11 14

SIL'I4l j-j 'rl rJt= LILt r_

'I' 1!-4H YII , I I H

-i." .i 'rH ' il . I 1. 14

*,1'i H f I 1 I
SI:HF *&r- i I I 1rL

I 4p-:.H * -i t Ci i'll t
I'itil H -,Yr-i N-tL tl

.W:EH 1 Nf .
i kI:F H I 4

I it t _r IN , ,
LE.H uN ,'-4
I f 1', t- 1H N 4

; uL 4 l. IN ,=

LitI:H L_ £114 4 ,

''lii m r4

I I iII.H- 1 1-4 "

ItI1-IL. H L IN .

1:1:111 M L I f E

ill INIt LIN '

biIJI14H tLAI?

,,,1.'H L I

I It R:'H t_ -. 11 4.

1, 110 1 DH I N ' :

-H t I N
Ei H IKIN

t If I'H L 114
LI'iH 1 11-4 1-14

llliII4 H4 L I N

11)4- 04 L IN
I It I - iH 1 r41

*1f,-+ ill

ti I V I- I r

C-1



0"a4H LIN 79)
0067H LIN 8

006RH LIN 81

00AH LIN 82

006DH LIN 83)
0070H LIN 84

0070H4 LIN 85

0073H LIN 86

0073H LIN 87 3
007AH LIN 88

007AH LIN 89

0 80H LIN 90

0085H LIN 9"1

0OS5H LIN 9e

00E:CH LIN 9s

00E:CH LIN 94

008FH LIN 95

096H LIN 96
0096H LIN 97

0898H LIN 98

O09EH LIN 9-;l

0089H LIN 10o

00fPCH LIN 101
00#CH LIN 102 )
080CH LIN 103
COACH LIN 104
OOFH LIN 105

00,2H L N 106
00835H LIN 107

00E24 LIN 108

OE,-H LIN 109
MOD STRFTUPMODULE

' 9IFH Sym MEMORY

3iZFCH SYM INTERRUPTCALL

38 JAH -YVM HI SI ORY

380FH SYM NAME

383CH SVM DATE
3848H 5 YM I DNIMBEF
0104H SM WHEN
0114H S',IM UIW'lID

0129H YM I IDENT

012CH SYM QUERY

0152H SYM TRAINEE.

016CH SYM ONRIFLE
384FH SYM X

3850H SYM I
3851H SYM J
3852H SYM K

3851H SYM JK

3854H SVM IDFLAG 1

0176H SYM PORTSET

817FH SYM SETDATA
3855H SVM POINTER

385TH SYII LENuTH 3
38581.H SYV VALUE

,85-4H SI FINtL
0199H SYPII LOUP'

0187H SYM SIMULLAThRIFLES
3858H SYM RUNTYPE
18FH SVM STARTUP

024CH SVII SETINT
0J2 2H SYM GET ID
O2ATH SYM CLR'DATE

02C2H SVM GEI DATE
G3 28H 'IM GET I DNL'8IER
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G1 7 H Syl1 'Ni- tN-ItI
0 1.-6H LIN 2

1. EH LIN 2-,
Vit. RH LIN 24

vi. EH LIN 25
I I,- FH LIN 2-

01: -C:H L1E4
0 1 "1-9H LIN .

IHSH L IN.B q''IHIH t. IPJ ]:

9l" ' H LIN -,

'LI t.H LII .

i-7H LINI 41
tli .,.H LIN 42
W11i;8H LINI 4-:
CII;EH LIN 44

SuIlI-:FH LIN 46
*cIJ ::FH LIN 47
C11 . NH LII 48
il 'SH LINA 49
-L z".-H LIV 50
-I -WBH L II.- 51

U 1 'EH LIN 55
01i - H LI1 4 51

: 00H L IN 54
0. 05H L IN 55
tiz CIAH L I N 56,
111 OFH LIN 5,7 1

C, 14H L 1- 5 5S'-

0. 17H LIN 59'o
0. IBH LIN O c

1.HIFH LI 61

i. 2-H L I N 6S2

'11 , '311 I .lN 6.
4:1%H L I N E4

S48.:2.H LIN 65

I :49H LIN 66

U -OH LIN 1-0.49H L I IN ,'. I

, ':-:H L iN 72t _ "'_,H LIN
'r"',41H LIN F

"-'L'H Li IN
, '62H L IN '4

I'-.,H L IN N

" LIN' '7.'$N LINI -4.

.J-,EN LIIN :-I.2,T 4H LIN

Z:Ar$ LIII
,' 90H LIN :
"'-9_oH L 11-4

£-- .L . IN ,
'.-I1,H L EtA

.1-1 H . IN ;
' .I'L£H L Il4A9.

'.E::::H L IN 4,:

SL'bI"H LIN 4 t-

-'.2H L IN 4.'

.1 .[uH L 1,(4 - _.
1 '-."'H L INr. -44 '

4 '
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821AEM LIM N 5
021EF7 LIN 97 3
02F7H LIN 98
o2FEH LIN

0303H LIN tee
038.' LIN 1.1
030H LIN 182
0318H LIN 183
83JEK LIN 184
0323H LIN 105
0326H LIN 186
032EH LIN 107
0339H LIN IL
033FH LIN 1089
0347H LIN t8
034CH LIN III

0353H LIN 1±2 3
0360H LIN 113
936 ';H LIN 114

S36CH LIN 115
0371H LIN 116 3
0376H LIN 117
0361H LIN 18
0367H LIN 119
0395H LIN ±20 3
0398H LIN 121
034H LIN 122
03A9H LIN 123
03REH LIN 124 3
8383H LIN 125
0366H LIN 126
037H LIN 27
0305H LIN 129 3
03DBH LIN ±29
03EZH LIN 138
03E8H LIN 131 3
0403.H LIN 132
048FM LIN ±33
0411H LIN 134

0416H LIN 135 3
048H LIN 136
04:0K LIN 137

04:7K LIN 138
0437H LIN 19 3
043FH LIN 148
0442H LIN 141

MOD T IMERMO[ULE
391FH SYN MEMORY
385CH SYM LSTIPIESYTE
38rH SYM MSTIMEE:TE
385EH SYM TIME
385EH SYW LOST IMEBYTE
385FH SYM HIGHTIMEBYTE
0447H SYM TIMERSTART
045CH Sm1 TTYTIMER
0469H SYM VOTRRAXTIMER
0476H SW! CLOCKREAD

044:H LIN 0
0441H LIN 9
0447H LIN 18

044EH LIN 11
044FH LIN 12

0453H LIN 13
0457H LIN 14

0458H LIN 15

4 IAN 16
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i46LH LIN I

* 464H LIN 1.9

468 L IN 10

4#---.9H LIN 22

bi4tDH LIN -

04-IH LIN 24

0t4 5H LI14 25

0i4.76H LIN 2t.

0 i4.6H LIN 2
Ci4 7 AH LIN 2

0J47FH LIN 2C

c-1484H LI N 30-

V 0488H LIN 31t
MOD P F LEL.A1 lIDJ

.j1.4 SYM~ IlErlr~v"

* :860N SytM mESSFI'3E
0i498H SYM SCORIT

- -9H SYM -IHOTL i)CHT ION

w sD8H 'M I RECV

:6C z~m ti&DLEF
-1 1 PEEL

:-8 ZYM CJTtirI ME

.!:d FiH ,SY11 -ELTH tI ME

'zC ~YM i- ILE

:4:D SYM F*IFLE-

SPBE4 SYMr -PTW

-(SFH S YIM -. HNOT LAC
8C 4&.H SYM 'IFLI IL

4 C47H $YtI jplc_,ROE;E

L4CH SYM TRR.'3LTHVLfl

4 ~C64 YM R IFL f SHUT
~jWH 5YPM ]iETP I FLE~t' T A

::2H $*tl Hm
,j4CC'H ~Y1UNRE -OLVE DL a4DiH '_;YrM WHflS-iOT

Ci!21H 'S YM HoW(' lIC;K

KAl('H SYl*j ij.Dti I

o-VFL'H SyIll VOlw ,XEAOS

V, SCH cS'rM TURJ LYDDRTH

st6F2H SYM WHOFIIILEVIOSHOOT
07.HSYM SHQ~wwoRS1

-8f 4H Syll BAHtJEWS

oe"1AN S'9M1 t401&FlD
0-e01H SYM HUN iwOPS T

0498H LIN
£349EH LIN

02 4F.N LIN.3
0- 4E.H LIN -

0E4E:,'H LIN -

,J4E:?RH LIN
.14E:t!H LIN
0~4LI*H LIN
,34Cat4 LIN
C14C 9H LA11
04C 6H LIN
6341 65H L N 0
734, 05H LIN 41

44 E:H LN 42

C- 5



04CCH LIN 4P
04D5H LIN 47
04DiH LIN 48
04ELH LIN 49

0413H LIN 5004F6H LIN 511

0500H LIN 52
0503H LIN 53
050CH LIN 54
0,513H LIN 56 "

0521H LIN 57
0521H LIN 58
052H LIN 59
053CH LIN 68
054EH LIN 1
056DH LIN 62
057CH LIN 63
0588H LIN 64
0588H LIN 65
0588H LIN 66
0593H LIN E ,
05981H LIN 6:8
f59FH LIN 69
,'-584H LIN 703
A5R8H LIN 71
L)582H LIN 72
13586H LIN 73
I *SBRH LIN 74

L.SBFH LIN 75
L183C8H LIN 7I
054H LIN 7 *.I
05D4H LIN 78
05EEH LIN 79

C"5FRH LIN 8
"5FDH LIN 81
kt60DH LIN 82

t615H LIN 83 - I
i"j6DH LIN 84
"625H LIN -5
1 t625H LIN : 0
tl6HS~~H LIN S?

"t62FH LIN 8:3
&i632H LIN 89 3
1163RH LIN 98
"63RH LIN 91
"63FH LIN 92
ii644H LIN 93
11647H LIN 94 3
,64FH LIN 95
u64FH LIN 96
03654H LIN 9?3

'659H LIN 98
0)65CH LIN 99
&1664H LIN 10

04664H LIN 101
0669H LIN 1032
'14 LIN 163
11671H LIN 104
"69%11 LIN 105
' "t5H LIN 106

1680. LIN 108
6'O6R14 LIN 109

iE,6RAH LIN 110

S~RDI LIN I1i.
0 B2H LIN 112 C-6
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06874 LIN 14
06C7H LIN ll-
06D74 LIN 117
06E11H LIN llA-
06E44 LIN 11-'I 6E94 LIN 12u
OEE9H LIN 121
(I6EEH LIN 12,

* tIFIH LIN 12,
906F24 LIN 12-tS

ti6F2H LIN 12-a07004 LIII 12t
I O7GM LIN 127
w @07194 LIN 12-

(i?;!cAH LIN 130
u7274 LIN 1 1
O-7IRM LIN 13-2
073FH4 LIN 133
0748H4 L IN 134

K * 74r-H L IN ±12.5
o72 LINIJ p

t'757H LIN 13*1
;i7SEH LIN I137
0 7694 LIN 140
076R1H LW 141
fi76RH LIN 144
"J778H LA 11 ±45
'j783H LIN 146
0798H4 L1AN 147'

* 67C01 LWN 1483
kl7C7H LWN 149
CCCH LIN 150
Cl.-siH L IN ±5].

CI7DFH LIN 152

0 FHLA? 15-j.
:.:08H LIN lr54

.3 flF IH SLIN M1rci

0 ,9 1R94 vri

C4; 9H51 LN TTYSE
0I ' 3 E H*I SN TYPE

0&z!-?1H SYM HELOlPXT

f:-.:C.$H SYM I~J U
O3'12H svra Y~N. 3 ThC&H zWI'I PC'NTR
C:5CH SYM FITTY'L

k'e425M SYM LOOPASE

C':92H SYM GRING
tl::: IH S_ _ _ _ __-

k?, *__HL_ _ _ _ XP-
o ;Ht:Y 5YMM-Ix.1: l'l EP
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9851H LIN Is
8855H LIN 11
88591- LIN 12
08--DH LIN 13
086OH LIN 14
0864H LIN 15

08681H LIN 16
0E69H LIN 17
0a:69H LIN i8

*6()1H LIN 19
OE:70H LIN 20

0.71H LIN 21
8871H LIN 22

*e75H LIN 23

ftz79H LIN 24

OT7AN LIN 25
:37RH LIN 

26

CjA87EH LIN 27

o882H LIN 28
o886H LIN 

29

i38AH LIN 38
i88DH LIN 31
ui890JH LIN 32
0891H LIN 33
on891H LIN 34

8991m LIN 35

089CH LIN 36

oqIj8 H LIN 
37

o8AiH1 LIN 38
ii8AIM LIN 39
ki8R8H L IN 40

148REH LIN 41
OSRFH LIN 42

883H LIN 44
'RgaqH LIN 45

&38CLH LIN 46
o8 CIH LIN 47
OS3C2H LIN 48
38C2H LIN 49 

5 ;
08C7H LIN 50
88C8H LIN 51

O8C8H LIN 52

oeCH LIN 53
OSSH LIN 54

08E'H LIN 55

08F2H LIN 56
oBFH LIN 57
0900H LIN 58
0907H LIN 59

90H LIN 60
0911H LIN 61
091;'H LIN 62
0981:H LIN 64

092.H LIN 65
0931H LIN 66
093,H LIN 67

093 lH LIN 68
0942H LIN 69

0943 H LIN 7
o943H LIN 71
0949H LIN 72
094CH LIN 73

94DH LIN 74
MOD RESULTSMOOULE

9J FH SYM MEMORY 0
C-8



38D'-H SYM Z

38EH SY iVGT I HiE
OR24H SYtI icONYR

38DRH SYM HEX
094EH SYM V IFLE 10
09636H SYM rOTALJ-HOTS
O064H S%'M 1-IFLEHIT
09.69p~ svri fIFLEiISS
0~970i' SYM R'IFLELOW
097BH SYM P.IFLELI)WR~iciT

0968H SYM RIFLFRIGHT
099H SYM RIFLEHIiHPlriHT
e'9F14 SYM RIFLEHIGH
0i9F7H SYM RIFLEHIGHLEFT

09B4H SyM RIFLELEFT
0jiQBCH SYM RIFLELOWLEFT
Oq'CeH SYM PIFLErIJRKEY

O'9t4H SYM RIFLLTARh(ETIGtjl3RED

'-4E9H SYM HOWMFt,'SHOTS

ED FBN SYM RVERHUCET tHE

o~i9C* Sym ONERIFLERESULTS
ORC2H s'vM TYPE Jr
08E24H SYM SUMP

4 B5CH SYM SUM2
~f i84H LIN 2

A ~ tR28H L 11
kiR36IH LIN

!Hp66H LIN
)HC,6DH LIN 0
OH6EM LIN
OHM6EH LINI OH6FH LIN
O3A72H LIN t-4

OR78H LIN 5

ESA7EH LIN
OR85H LIN
OR88H LIN
oWIi~H LIN
bjH91H LIN r

OHA97H LIN
iFOM48 L 1N
&flL2N L. N 6£ I.*C2H LIN 65
oR8C8N LIN 67

OF407H LIN ri9

OADDHt LIN 7
0*4E3H LIN 7± 

:

OR~EMH L I t 72
0800~0H LIN 73
AR0a6H LIU4 74
OBW.CH LI1vs u2H~ Ll1r4 76
089 L11 7

OBIFH LIN 78

.*-24H LIN 794

3 ~C-9



ttb.$c t LiN od
OB50H LIN 8
857H LIN 82 S
@85CH LIN 83'.
OB6AH LIN 84
OS9H LIfN 85
OBSFH LIN 86
OB6H LIN 87
0899H LIN 88
89FH LIfN 89

8BB6H LIN 90 )Si

0889H LIN 91

OSBBFH LIN 92
OBD2H LIN 93 )
OBC5H LIfN 94

OBDE:H LIN 95
08F2H LIN 96
OBF5H LIN 97
O8F8H LIN 98

tC12H LIN 99
OC15H LIN 100
OCIBH LIN 101 V
OC32H LIN 102
'3C35H L. IN 103
OC ' :J LIN 104
OC52H LIfN 105
0C55H LIN 106
OC5BH LIN 107

OC72H LIN 108
OC75H LIN 109
tCPeBH LIN ±10
3C:92H LIN 1I

8C95H LIN 112
OC.98H LIN 113
OCE2H LIN ±±4
OCBSH LIN 115
OCt.H LiIN 116
OU: ,.H L 1N 117
@C,.*H LIfN 118
l::.VBH L IN 119

jCF2H LIN ±2
OC:F5H LIN 121

0C:FE;H LIN 122

OL-12H LIN 123

O[A15H LIfN 124
O:,IBH LIN 125

O(2EH LIN 126
OD31H LIN 127 V
00:;'H LIN 128

O&F4 H LIN 129
OC:54H LIN ±30
OJDTcH LIN 131
O3D84H LIN 132

8&BSF H LIN 133
OD96.H LIN 134
O09[,H LIN 135
OR--'H LIN 136
0L*4OH LIN 137
'OVREH LIN 138

OL'E4H LIN 139

0L#'H LEN 148
ODE:H LIN 141
8xL4H LIN 142

OWCTH LIN 143
OD(,H IEN 144
C$XiH LIN L45 4
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SDDSH LIN 147?

WLX*4 LIN 148£ODDEN LIN 149
MOD F I NALMIODUL E

391FH4 V.M MEMORY
38DEIH W-M WIODDF*4 3YM FAST
OE09H ;YM C301)
OE22H4SY FtdR

ftE48H4 SYM POOR
38DCH SYN lI INEC RED 11
38DD*4 %'M N
OE7E * ';YM COMMENTt 'EDS*4 s:YM MX2AS
380EH4 -NM I4E>:A(,P
sS8EO*4 SYM E*ECAD)R
i8E24 'YM N

8E3H SYMM
3F6 *4-2 SYM COiMPODSITE

*jE66I- SYM C jIP
3*844 SYM 0'/.ERALL
38EEH Sy41 (:NUIM
'3EEH LIN 9

- :E7EH LIN lo

4 *ES9*4 LIN 12
"E8FH LIN il
"IE94H4 LIN 14

.'E9?H LIN 15
&ioEA2ti LIN 17
OEH LIN 1
' ERON LIN 19
IEBOH LIN 20

oi EE:.BN LIN 22
''ECIH I IN
t lECEN L IN 24
"EC9H4 LIN 26-

i "ECF*4 LIN 27
"iE04* LIN 28
" ED4*4 LI N 29
*'E05H LIN 3-8
*EDF H LIN 32
''EEC'H L IN 3
'EFS*4 LIN 3
'FP12H4 [IN 35
iFZ4H LIN 30;
.F BNH LIN 371

j 3s0 H LIN 38I: 'F4EH LIN 2
'iF~.A* LIN 404
.IFSE*4 LIN 41

r '561*I-AN 4;'
I 'F62H4 LIN 4 3
'#I62H I-AN 45
"iFBBH LIN 46
iFl ijL* IN 47

* FCP*4H IN 49
*IFL'6* LAIN 50(
'IFE4*4 LIN 51

'iFFIM L N 152
"FFP8*H LIN !7
FF8H 'I N 54
FFC-H4 I N 55v007*H IN 576

0 t. IN 567
fit TCE I N I ERF"LPT-7
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r H SYll HEMOFY
.,:H SYM I NTEP UPTiOUT I JE

1b03 H LIN -

ItOt H LIN 4
i11H LIN 5
131', LIN 6 3
rIEM'RY MAP OF MODULE UIWT
PER, FROM FILE FI:UIWT TMP
LWIITEN TO FILE :FI:UIWT

H'OIJ[:,,LE TAT ACDRESS 0001H

STAIR' STOP LENGTH REL NAME

tI H IH A ABSOI UTE

IN tOAFH IORFH A HBSOLITE
-F' H 13FEH 3H A ABsOLu rE

3
3
D
C
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15S-i I [EF UIUT IYERSWON 1 2 IWIER-"ILE CROS-RFERENCTE f

IIS'-Il IXRF, Vt.i
IWYKED BY:
-IXIEV Fl:.B11 TITLE('UIld YERSIN 1 2 INTER-*iOCIE CPUSS-REFEPENCE') ArPRI T1( .iUIMTRE

I [NI..R4IWILE (ROSS-PEFER-to E 1151 NG

RTTRIIJTESi U'i.LE *KS

STRU('N(5); RIFI.EATfMULE RE9JLT9IOCE
V If~O NE FO RE L-LT9IOCLE FIiNALJGWE

I TDIW PROCEAM 0E ((USC EIIJ STPRIcALE
PROC N I~ E .& OLECOUL TESTPROaCMKLE STFIRTUMMUDLE.

LOWKEf0 PROCELN Ft RNSS, TIMERPUE R IFLEDATFROU E STPPOD1qOOUE M)IMACNT L4E
* OMT. . PROCELNJU FINRJLE RE9LTSNW-LE

0OI E. PM1VC, F 1AWOLE RI AL79MO'IE
W'T .PROCEDAE VAI6MOUL RIFLEDATRMOVLE TESTPR(OCLE MRVINJIMT1OL PE9LWL LE

STF*TI.FfLODE FIIIUICV9 E
'iTE .BYTE 12), S1IWTWLFML FEStLTMO0U

* EC1PNL BYTE' Is).PESLT90U(L OEW6LC'E STfORTIR?~tF
£ELTATIEL PU~RtLSS RIFLEDAMML)~1E PAIU~fIWTMOOME
4ME PROCLE I ESTPROCICV9.LE TESTMODfA.E
AIL PROCIE4.J 1ESTPROCIMUL
ILE OYTE, RIFLE[ WROOVUl RI~ II9WE STATWU1&AE FIIAJMME
IRSI90T ... BYTE-5'i RIP LEDATOIDLE NPIN5J!MODLILE STARTI.FWOU
PTR -BYTE. RIFLEIAfTAMLEU
ETR[FLEDOTR PROCEAME; fIFLEDATIGVIJ MIUIIJTNVPL
REETING PROCILNi fC@60ELE IRIUJIWMOA.E

I [ISTORY. BYT(5); STf*PMID'LE R.FLEDATMiOtL
4 AJ6 PROCMN FIfNLC)JIE

kffiO BYTE, STARTIOVILE W9JLT9WJLE
)KmBYTE C); 5TW.TIRWMML RESILTSNOD'AEt ~ ~ITEM*I TROUT AI PROCENREM, ATEU"1? STPAPOULWW

:)TEST PROtCL4N; -ESTFRCOIO()E TESThOVLE
')TIMEP"TE. .. BYTE, TIMERI ALE
;TIMM'TE . BYTE; TIMMRILWULE

!£ . . STRI TLE(5). STFTIEIJO( RESU-9I.
t-jIS ES . BYTE; RE9~175MMtIE FIl~t hALE
F IRTSET . PROCE[1.N JrIRTPKV f ESTPROIK LWE
f -f SENT LESILTS PROCE( IM; FESLE MIUNTl1OLE
F- INT PROM NR, -.WAM-DI ILE TESTPRI~rUALE PES9ITSWW4A STRPTLP"MLqCJE FI?*IIIXLE

FNTPJIM PROI UPE, :I6OwqErE TESTPROU(MU PEqIITSm9F.LE
A'TST PROME 4ME, is MMVBLW -* TESTWUDLE

F FL T BYE PR& E f;,TPB~ t FICJILfKW FtLE

3 FLESAT POE4 BTfwTIFwLEATFLOE MRIJ. IbTPOOUL

kOTiOR PROW~K IVI; (El YFAmOL TmIVRCh~E

3 '~EED. 5MUUMEM(5 RIFLEPATWIIIE REa ,09II3 F STAH '1IO9 E FIPAW.OkLE
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IIWT vVSJO 1. 2 IN71 V-UL.E CROcS-WFEREWV:PrG

STORM'. PROCEDIRE '-l T UPM4JI'I WIINMJO&E3
594015 BYTE; RS&L1 NOILE FIWAJ'W..E
THROTAILFLE PROCED& F'TE, RIFLEDATOOAL IMIMJIWTMODL~JE
TARETRNIE. FURESS; MHI3IWI.E
IARGETF *EC rED 8ME MIMJ!WTMDMFj
TFNiT I NE A SS; WP'MJ!MTPUJ4E RIFLEDA1IME
TEST... PROCEDIN EST1UI E P31I4JIIWOiLE
fFLRAQ BYTE MRIMT~rNMI RIFU (ATW)WLE 'STFIM0LLE
fIMI FWRESS; TIMEROWLE

TIIER' [ART ... PROr2ED( ITMILE TESTPROMMIJIE WMIIMMhO LE
1110,EST. PROCEDIE. TESTPROC?KUUL TESTIIODMIE
IRRIlH. BYTE, lVRiIUMMV. STWITULC INrEM1PT7
TSTC0* CK BYTE TESTPROCHOIA.E MIIMOA.PE
TTYRE -- PROFEtEM COP5EAD ILE TESTPROOX RESLLT-9OD(LE
TTYS[i . FR0B COECLBrO~U TESTPROCIUMtE STUMLEa
TIT E PROCEDL TJISMLE TESTPRULLE CINGOUM.5.VLE
TLW~Y BYTEi MRINWIMAE RIFLEDAT9)VIU STFIPHI(LE

IA PROCEPIE CMSMBCLEA.E TESPDU~tE MIJNVI E
l*'IS1 OBE PROIEDM- RIFI.EDATMlOI.E 1ESTPRO0OU.E ST~FIUOVILE
US* I TEST. PROCEMI; TESTPROC MILE TESThONAJI
YOTPHXSET PROCEDUE MADULB E TESTPROOIMIE
YOTPAXTIMER. PR(CMA;E TIMEWILE TFSTP ICWE COJNSOLEOV.LE
VOTRES , .PROCEDUE C1N5EMODLLE TESTI XKWLE IMiIMJIWTIOMLE
WH(ftiI LEDTO940T PROCEDI. RIFLEDRtTFME NIMITHWI.L

t ALE DIRCTORY

MfLJ.E WME. FILE Wt D19ETTE WE

CWhi5IEMOD4L CO5L iFi UWT.TSr
FIIAN DL.E. FINRL UI UIWIIL3

INTERRUP 11 INTER, PiLM UINTi )
IMIPIMWULE MHiMJI PiLM UIWTi?2
RESUL791WULE. RE9JIT. PL UIWTI.
RIFLEDATNIOULI RIFLE- PiL UIWTI 3
SThRTI.OULE. START. Pll UIWTi S
TESTNOOL E .. TESTER. PLN U IMT. TSI
IESTPROCIALiE TSTPR. Pll UIWT. TST
IIMERWOlLE. T I PD. PLl ULMT. T51 it

3
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rt. fl-8 COMPLER I FE: ?9 PAMIl

9 ISIS-11 PLiY-80 V3. £ COILAT!ON OF mnOkLE MIfI, LJIWThOVIi
OiBJECT NMI&E PLACED IN -Fl hWlPJI083
COMPILER INVOKED PYV P1119@ Fl INUI PIN IM~PF DEBUG DATE (i FEB 79)

/* THIS PPOR W4S WRITEN BY 4 C. TOWLE IN THE WINTER f#, SPRIt3 OF 1978 S/

/s IT RSSIJS THE SYSTEM HAS BEEN RESET PRIOR TO RIJI4IW 0/

/s THIS159wDIFICAT ON. WHICH RESULTS IN A CIWIIE TO 1)1W? ':PSION 1 2
WRSb FROM THE REQUIREMENT TO 90 THE WORST 90OTEF S/

I MRIN$UIWIML0~E
DO,

2 1 9AdYRT- PROEP'LE EXTERNAL;33 2 END 90S1IORST

4 1 DEUtARE #lEASffjtl."'ATOR BYTE R (8) DA1l (WN)- /* f~H- MXLUSI'YE OP
fftEJ.L TOR WITH ITSELF*/

5 1 TXRDY: PR tRF E'.ER4RL. /s0 HECKS Lr-fiT TS I T LI ER FOP OEMTT"

' £ OIrKS PROCEDIF EKTERNRI.; /0 'OTRFAN Rt SET. SEE CONSOL *lIE s/
8 2 EV YOTPES.

9 1 cCVT PRKIMtR (ITEM) EYTERNRL.. /* 5, ; A T UT THPW3H J5pT/
103 2 D'ECAR ITEM BYTE.
It 2 END COU'.I

12 1 DElRRE 16STSCOSIPOL LVEREILY lEON', /0 ADDRESS OF UI WT CONTROL P -3?20
IJSARTSRESET LITERALLY '40H4' '0 ETLNS 8251 TO NODE INST FCfJRT

REF PAE 3-~o

13 1 TRf s Kr-.P PRF D4IRE(TR .MWT 110 FOR PIFII ETC, 0/

14 2 END,

15 1 TR(KUSRYRILA E PROCEDURE BYTE EXTERYA, /* CHECK, FOR AN IR SPOT
IT WILL RETLRPI IF IR SPOT IF FrO. 0/

16 2 END;

t7 1TIII?START FVEVtF EXTE4A.; /. START 8253 REGV;FPS 0

Id3 2 END,

tL X SPERD PPCEDIF RDORE'3 EXTERt, / 0 READS CI "' K O TAGET* SHOTS 0

V 2EM

'1 . RIF.ES94CT PF IEDURE E'/TE i XTERNR. /s WRITS FOP 4Wf RIFLE SHOT k

.2 2 END

?3 1 GETRIFLEOTE PROCFCOXF f<TERRt. Is READ 8 EO~ INIPT BYTE 0

'4 2 END

* ~ I SETS.ATA- PROCE 'LR (Pi)INTEi. LENGCTH VftLE) EXTEPW
26 2 DECAR POINT[-? ADD.'S, ENOTH, V% JIf) BYTE,

EKM SEUTSAA
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t/-8 tPILE I FEB 7 PAGEI

28 1 PRESPITIUMS: PROCEDUK EXTEJ#, /* OUTPUTS ORTA TO COMS&LE V/
29 2 ED;)

38 1 DECLAR 7 .TOHE(K BYTE EXTEft,

31 1 TEST: PROl EDURE I XTUMtAL,__

32 2 00 TE;.

33 1 DEWRI -7OEVEF'LITERLY 'WILE V;,
24 1 DECLWE CCINETERSSET LITERALLY 1OEW,'
35 1 DECLAFE (WRININIG. Y) BYTE.
36 1 DECLFE TRAIN BYTE PUBLIC AT (. TRINING);
3? 1 i4O$FP!LEDTO9400T PROCEDURE EXTEAL; /s IDENTIFIES WHICHl RIFLE H!ISSED

38 2 ED;. A TARGET SHOT OPPOJRTUNITY s

39 1 OUING: PROCEDURE EXTERAL /o PRINTS TWING TO CONSOLE *

41 1 TIAV!Y$TE.T- PROCEDURE; /s CWCI(S FOR A i SECOND TIME ELAPSE SINCE TRWGE DO1WN
42 2 IF TARITSVOIWTIME )= CLOCKSRED THEN
43 2 DELTRSIME TARTGET MITIME - OCOSRER;a

ELSE
44 2 DELTASTIME z I COUNT~fSWT *TARETSCOIMII - LOCISREAD;
45 2 IF DELUW4TIME > 200 THEN

4? 2 ELSE TtIEY = ;
48 2 END) flFYEYSTEST;

49 1 DELAR DELTA$TIII R4)RESS E)TENEL,
5A I DECtARF- FIRSTSSM(9(1 MYE EXTENAJ
51 1 DEOAE TARGET9OWITIME ADDORESS PULIC; I
52 1 DEP (TARGETE(TED, TRLAG RWiLOE) RMT PUBLIC;
53) 1 DECAFE TIEV BYTE PUBLIC;
54 1 r)ECLiIE TflRGErSTIIE '9OVRES5 PUBLIC; 1

/o~ END) nF DECLPR1TIONc V/

/i..*0*00* *00*000* PROGRAM STARTS * ~ o o *

55 1 TEFTS9OARtfCIECIC DO;
5e; 2 1 F TSTCW?( THE4 /* IF RON EXTENDER BOARD, IS NOT PRESENT. THE W/" TIMES

OUT AND WILL RHEN INTO THE ACCUitLATOP s/
5? 2 CALL TEST; /PERFOPm9 "82 BOVEI *r/)

58 2 END TESTSE(ORa :c0K;

59 1 LIIWTSPROORI DO ('WF 3
60 2 INITIFtI12

CALL THE"START.

61 2 r8LL STAF TSUF;

62 2 CALL W;E TING,

63 2 CAL TXPl Y; /0 II6URE *GEEING" NOS MEEN CONLETED, s/



I LM8 1fIEFIFEB 79 PROF 3

r 64 ('4I YOIRES; WTHT ,T LN HM O N

65T TS*ieITINE =a.OCK$REtD + 28i /s FOR. 1W(Et TEST e

66 SESSION,
DO WILE TPRINI,/ WEILL 00 ITH FI OAK FOMCOW9 E*I b? 3 IF TF(M1 YAILAP..E (R RIFLFfSOT THEN

68 3 FICTION: DO. /* EITIER R RIFLE SHOT OR A TF*%T AAILABLE
6, 9 4 IF T~FOGTS1'gA LE~ TWN

* 71 !F FNOT IFRG TEN
.2 5 IENSONE. Ifl /* 1 NEWl THPOET W6 RPPEED *

74 ~*REFU.GN = 0;
-s t TFLAG-L

7 END NEIPM;
* IF RIFLEPMOT THEN

GOWDSDATR 0XIJ OTSRIFLUD1111%

ELSE /* EI-5E THERE IS 4O TFIRWI, MIT A SHOT WRS FIRED *
I NO$ TWGET 00;

* CPLL TOP cYSTES C,
* 3 CALL GET P.IFLESIJRTA

EE /s ~ELSE THERE 15 NEITHER A TRIGT WIP 940T *
NOIACTION. DO,

IF TFWIG THEN '* THRT IS. THERE WRS TFIRET (A4 LAST PPSS *
TGX T6 DOt

* . TFIGTSDOWSTIE CLOCKa..4EA,
ki ~ TFLAG = 0
41 DEO TOONE;

a 4 IF NOT RERLSOE THEN
4 WIT$IONE- DO;

4 9CALL TURKEYSTEST, /* 41 IU. HOLI- REALSOONE FOR ONE SECO(Wl'*
'~5IF TLUEY THNEW A E TR"N T IrNORED(LY IF REALSW4~:.

-6 5 RECORDSOO DO;
-4,- 6 RERLSGONE =1

4 . ICALL II4OSVAILENTOS SHOOT;
6 C~tL SEISDRTA' FIV TSSHOT,5,I). /* NEXT SHOT AT A TARGET WILL BE TIMED 4

i~ 6 DUL 90OMSIIORST;
6 ENDRECOJRDSOOiE

It 4 END NOtArTION,
1. - END SFESSION.

I '~2 ENDING

i. ? 10 JT',USART$CONTRO)'s IMIRES( T,IVE IWVIM
EP( IJMTC-17

-7 :77



PL/Y1-86 COMPILE 8? fM 4

09 t END NINIU!WTIOUL

NWJLE IIWWMTION-

YARIALE NOSZE-OW 1

167 LINES EN)
0 PROMN Em"(S)

I.EN OF PL* 4-9 WILATION)
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I SIS- I PL/I!-80 V3 I 'X'IMILRTION OF M~ILE STAT1FI1VLE
OWJE( NODILE PLRED IN :FI:STRRT. OBJ
i:(WI ER INYOKED BY: PUIt :Fi:STWT PLN IXREF DEIUM DATE '2i JUN ?9)

VINVCTOR

I STRRTSU'%IODULE. DOi

2 1 BITSOUhI PROrEDUDE EXTERAL; /* IN CONS3OLEOWLE 6

3 2 END B1TSO~i,

4 1 DECLA*E INTERUPIT? LITERALY 'i3FCH'-
CFILLSIT LITERALLY 'BC3H';

SI OE'XR~f INTERRIPT M~L STRUCTURE (JtUfP BYTE, WHERE$TO ADWRSS) AT (IfflEMPIPT7)i DAfA (CILLSI r, INTFQMtPTSRW~JIN

I DECLARE LIT LITE f.LY 'LlERt.LY'

RESETS82I2 LIT 9F8H',
EI.ES9311 LIT '1ON',
PORT3 L IT 'OE6I4
PORT6 L IT '66*'

OROUiJ LIT 'SE7W. M 25 CMITROL REF. PAM 3-68 OF WS203 OWR
4 1)W LIT '92m' /* F.-9TS 1*92 lINPUT, 3 0 ITPUT AL.L WOE 0 PAGE 4413--/

00O2 LIT '*Pi', /6 PAG[ 3-68 */
MOM)X LIT 'Sil PORTS 4,5 & 6 FILL OITPITS MWD 06

4 USARI$CONTROL LIT 'E ', /6 PF#3 3-48*."
USRRI RESET L IT '46H4', /s INTE0K RESET PAGE 3-43 6
NODEISET LIT '1 4', ' SETS 2 STOP BITS, 8 BITS, 16K PAMN 3-18. 41. A 4-486

* USE 4f14 FOP 1 STOP BIT, 8 BIT WORD 9 A0 6
C09E41D$MV LIT '27H4' /* SETS TWNSITWRCEIVER READY.

DATA 'ERINRL. READY. REEST TO SEND, 6/

/s SEE P~f 3-43 40 STEP 48 OF MDS MONITOR 9WyD4 PROM~6
7 DECLIR DECIMRL.(3) eYrr EXEF
8 DE~ HISTORY(5) BYTE PUBLIC, /61-1S WILL TI1 W E.

9 ICP SCOPE(3) STR!JCT IRE (ISBMHE T BYTI LOBYE WSIH M
V ~ ~ ~ ~ 'IGHT BYTE, H41GMS GHT BWT:, NJ1% BMT I4l(MLEFT BYTE,

LEFT BYTE, LORM.EF TBYTE, -IM E "TE, TOm EY BYTE.
r~TARUIGNRED BYTE) DCTER-

to1 DE(1R (9DTSFLRG TLFKEY, FILE, TR43. l REAGONE) BYE E)CTEPN?&,
FIPSTS9)T(5) BYTE EYTERAK,

a 9'iED(5) STRUCUW(SHOTS MYE, TIlf fSUM f(MMS) EXTERNAL511 DECLE TRAIN OMT EXTERIR..,
12 L DECLFIE ADI011 LITERAL1Y '1,3N', RE31 PV4E 3-198

AIDICW2 LITERki Y '6DM';
13 DEARE 0011 LITERFILL" '?Rl'

10 DECLARE CRLF LIT 1l.~'
I , WIE (5)~ STXIURE (.ETTER(9) BYT0F) PLI(

DATE (ill) em! MIII

_ _ _ _ _C_19



PROMIT LIT 'NEH',
MHEN (d6) BYTE DRTA(1 5-'TODHY"S DATEV',CRLF),
UIMTSII) (21) BYTE DTR (21L UINT/SIRT VER L 3',CRLF), /* C4WE 6/2579 V/

/s TIMES FOR *FRSTO, *SLOW. ETC IN 'FINI. PLN' WERE INCRAED */
?*AT ft IRRSfLL'S !NSTRUCTIONI6 ACWI IS KSO BEINGI WE/
Is IN THE O9GSHORSM PROCEDURE IN RIFLE. PIN TO AVOID THE *
/ ANE WERE ONLY FOUR RIFLES AR.E SWOOING => RIFLE $3 S 1 /
/' THE WORST BECIMS OF RM TiE TARGE 1IONEDS & THERE IS NO s/3
/* RIFLE 65 VIRST-RJAV LIORTf s/3

IDENT (19) BYTE MTA A8 'VMRISE HIIUER?', CNF),
QUERY (22) BYTE DRTA (21, 'WINT 10? YES OR NO, ',CRaF),
TRAINEES (26) BYTE DATA (25 'ENTER WKIS OF TRRINEES',CRLF).2
(ORIFLE (1S) "YT DATA (9, ON RIFLE )

(X,1, J, K,30 BYTE,
IDVIA BMT PWBLICi

15 1 TTYSSET- PROrEDWRE EX)TERNEL,
16 : END TTYSSET, /. USED (PLY WHE14 JSART IS IN RESET CONDITION V/ 3
17 1 CIII PROCEDRE MYE EXTERWC;

i 0 I LCOIT PROCEDURE (ITEM) D(TERIL

co 2 DECLFVE ITEM WMT-
A1 2 END COUT;
2-1 I PORTSSET: PROCEDURE PUBLIC,
2s 2 OUTPUT(OROP)41M i1 /*SET CONTROL NORD) INTO GROUP i 1 '0 POPTS *
A4 2 OLTPUT(OP2)410M)2; /.SET CON4TROL WORD INTO GROUP 2 1/O PORTS V/

26 1 PRINT- PROCEDURE(PTR) EXTIrPlft.,
17 2 DECLARE PTR M)CDRESS;

2 END PRINT;

~9 1 SETIDTA: PRCD$:PI(LLNTYLE PUB.IC;
A~ 2 DECCIW (POINTER FINL. ADDRESS,

(LENGTH, YAU SET BASED POINTER) BYTE;
A 2 FIW#L zPOINTER -LENGTH -1 t

~2 2 LOOVP0 0O4LE POINfTER 0 FINL;.
3 3 SET z ILE
.4 3 POINTER azONRl

3 So LwoG3
t, 2 END SETSOT&

I INTERRPTNIOUTINE POMEIPE INTERRIPT 7 DCTERNK; 3
* 2 END INTSPTWIIUTINEL

h- 1 W UPTOBE: PROc~ri DM "KT;15.
4@ 2 END lPI$STROUE,

41 1 SINA RTEWIFLES: FIOCEDURI
42 2 OIJTP'J(POT6)4RN- /* *ELL UIl-41 TO SIMUATE RIFLE DATA s/
43 2 CM.L IPISSTROE.
44 2 END SIMLITEVIFLES. j
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§ , 45 1 OEO.RE CTLTJ L17 14H', PMNTYPE BYTE;

/..***.*.*.. D OF (ECLARTIONS .. *.**s*

46 t STORTSUP:POM P9UILICo

' 47 2 CALL SETSOAT(. SWE, 65, 0);
48 2 CALL SETSDATA( HISTORY, 5 );
49 CR1l SETVA( FIRST$9MT5.1);
56 CALL SETQVAR( SPEED, 15, );! 51 CAL SETWAOM DECIML 3, 0);
52 TUMVE -
53 2 TRAIN = i
54 T FLR3 = 0

L 55 SH94T$WLAG 0,
56FILE z I. /5 WISPOT FIRST I~RNIM. FILE, W.fl5 (DIVIDES) BY' 5,

mE. 5/5t 17H REINDER = PHNO, PIFLEFILE+i,
S0OWESTPT W!TH RIFL.E ft'

57 REKSOM0 a 1, /s TWGE-r HAS 10T BEEN RMLALE FOR OVR I SE( 5

4 58 CALL PORTSSET;

7 59 2 U (JWlPtIT): a t RESE $822 /* ILLU CLR ALL 8M1 DAI
4 LATCHES FOLLOWING STROBE e/

60 2 OJTPORT6) - EL$9: u i THE LEADING EDGE OF TH STh~(./
61 2 OUTPUT(PORT6) s i.s/ THE JRMJLJNG EDGE *

62 2 DOXK=9 TO I3 /* CLFS TE X FF MR LATCES s/
63 ; OUTPU:POF T ) WT ND94;
64 3 OUTPf(P%'T6) = DIBLEW71;

1 65 ? OUTPUT(PCSPT6) a 0;
66 EN);

L 67 IRLI 682 OUJ TTYOSET;

69 2 SETINT: OTFlJT(flDI()(L0WM(TERRUI7) AN SEIH) + IMN
N 7'2 OIUyPUfl(MlCM2)=HI6&4f INTOMMPT),
7t 7 2 OUTPUf(ADICW2)=OMl /* MS ALL BUT INTERPT 7 s/

/o 2 MsE NOW OBTAIN IDENTIFMATION flATA F(F THE SESION, IF NEEDED s

2 CAtL COUTMCO. is (9
7. 2 CALCOUT(ORM) /s LF *
74 2 CAL COUR(S

75 2 CALL PRINK( UIUISID);S 2 CAL COMM(~$,
77 2 CALL PRINT( OJERV),

S2 CALL OUTPUT (PROMPT)i
,q 2 WCIN

e* 2 MOT' 'E - X. is INPUT FOP IDENTIFICATION OF (XINTWL Ts
Fl~' 2 CAL COMM;K
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83 2 M1 CwxT(Ni /*o CRAF *
84 2 IW$LArj4, /0 CONTROL. FOR ID PRINT-WOfAT END) OF SSSIoN s

-. 85 2 !F X a'Y'1IfJ
86 2 (FTSID. DO;
87 3 1DFL~r.1;

8 3 CLRM8TE: CRLL SETURAR DAT,WH6I); /* CLEFIS 'DATE-*

89 3 CN.L PRINTK IN);
98 3 CALL. CCLT(PUwT),

91 3 0A1E8)=u

92 3 (ETSVAT
Di' lat TO 9,

93 4 XSCIN;
94 4 IF *O N Ima;
%6 4 COLL (wr(X)
97 4 DT(Izx k

98 4 BO TSDA1
99 3 DILL COUTUWH,

168 3 DA1E(1)uga M /0 LF/
101 3 CF.L COIT(m4);

is; 3 CAL STOAT IDOMIR, 7, ON), /s FILLS Ufl) Muir 111Th rR

£63 3 CALL PRINT(. bENT);
16 3 CAL MIUT (PRPT);

1~ 3 M1L BITOMP; /s GIM~f ilT USMI IIUAU %1FME

1 3 ID0UUERS)u.)

1 3 GETSIDIffj D011tTO04, /' A 4 PUU "D.
W. 4 WCit3

189 4 IF X2WH THEN 1z4
111 4 'ALL CtIJT(X);
l1 4 fDOtIE(i)x,
1U 4 EDGTSDgLM
114 : COLL M,'T(60Hi
115 ? IMU.3SR(6)&NK. 

Ulif 3 CL COWIT(M)

11. 3 DUL STS4MTA *VL 45,8(F"); /0 FILLS Of MTRIX WI1TH CRa')
11e 3 M.J PRIN( 1TIlEEs);

11b 3 GETOIA(S
00 14 TO 4; /s FORFIVE TMINEES a

12A 4 rALj PRINT( UNWIRLE),

U1 4

-_C-2 ?,.



CW' LR 25LN 79 NoG 5

4 CAL (OlUT (WV1);
123 4 CALL (OWUft);
124 4 CALL (OUr(PROMT),

Q i5 4 CALIOWL

1-1~6 4 ISEU). LETTER()4;

127 4 OIESPE
DOJzl TO 6i /* TS WKUP TO 6LETTERS LONG/

124. 5 IF X4CMD THEN Jm4;
131 5 NRME(. LETTERJ)~X
M'13 5 CALL C~JT(X);

4, 133 5 0 ONESL
134 4 CALL COWr(NN); /s CR *
lb13 4 IAE(I. LETTERM z M 4 e F
136 4 CALL CouT (OM);
137 4 END CETOWES,
138 3 END O&TSID;

4 139 2 IF RtliTWPE =CTRTTHEN
148 2 MI SIMLTESRIFLES,

141 2 EMO STAMM~R
242' t EN STWTMfSHOOUL

WiolE INF.MTION:

aCOD)E VIER SIZE - 033FH 831D
WRRIA4-E MRA SIZE -, 05M 8MD
M~A TASIZE 3t MW 4D
2481 5RF
0 PRO RAMl ERROR(S)

f Fli OF FL/'-88 CMfILRTICI
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, &cW ILER 23 OCI 78 PI

ISIS-il PL"I- Y. 1 CONWILATION OF NOIE Tit40MMLE
OM I JMU iAED IN FI: TIEM OBJ
COWILER INYOKED BY PIS F'TIHERI PL DEBUJG IXREF DATE (23 OCT 78)

IT IMERIOMLE DO; )
/* THIS IILE SETS THE 25 OES AND RU4DS REGISTERS. NOTE THRT RLL
THREE 8253 GATES MIST BE Hglf! L PAGE REFERENCES FIRE TO THE e0/2
REFERENCE 0VL 9-37C V/

2 1 DECLRPE LIT LITERLLY 'LITER.LY',
CAIIER9 LIT 'B04', COWMER LIT 'SVOW,
COMM LIT 'M', CONTROL LIT '0F.', /* SEE PAGE 2-? */

I IECLNIE OMUIDE LIT '34i?' /o 2 BYTES, NODE 2 PACE 3-76 */
OITRINDELIT '74N'. /* 2 BYTES, MOE 2 */
CNTR2ODE LIT 'WH'i /* 2 BYTES, NODE 3 / 4

/*THE FOLLOWING 2-"TE ORDS iRE THE "9RUD RATE FACTORS" TABLE 4-34 P 4-48 V/

4 1 DECLARE LOW@ LIT e'. /* CUNTER PERI DI 15 5 ILLESECONDS* s/
HIGHS LIT 'ISM',
LOW. LIT 'SFH', /s COMTER £ PERIOD IS 5 1INUTES s/
HIft LIT 'AH', /e a 5 NI * F6 (SEC/MIN) / . SE( -t IN HEX /

/*,"***%ET LIP FOR 89e ,nUDt,/
LOM2 LIT 'BEIl'. /* COUNTER 2 FREENCY IS 4. 8 KH */
HIM LIT I'. /* SEE PAGE 3-38, A NOTE THAT THE 8251 IS SET FOI i6X V

LOWMTRAK LIT 'ON',
HIAVOTIX LIT '6H.14; /s SETS VOTRAK OUTPUT TO 9666 BAUD s/

5 1 DECIE TIEftATCH LIT '48H', /s A COUNTER I LATCH PAGE 3-84. /
(LS$TIESSYT, KSTItMEBYTE) BYTE PUBLIC;

6 1 DECLAI TIME ADDRESS PUBLIC;
7 1 DEAME LONiTI'ESYTE BYTE AT (. TIlE), HIGISTIMESBTE BYTE RT ( TIME 1).

e 1 TINERSTART PRDRE PUBLIC;
9 2 OUTPUT(CONWIL)-CNT ; /* SET COUNTERS 0 1 N1 ES */

10 2 OUTI (CONTR0L)zCNTPMNODE;
1I 2 OUTPUT(c O.UNTER6)=LOW@ /s INITIALIZE COUNTERS */
12 2 OUMTPUT(COUNTERI)114HB;
13 2 OUTPT(COUNTER1)=LOL
14 2 OU1PT(COUIER)-*!GHt;
15 2 EN) TIPERSSTRRT; )
16 1 TTYSTIIER PPOCEDURE PUBLIC.
17 2 OUTPUT(COT ) .CNTP2,I)D.,
1S 2 OUTPUT(COUNTER2)Lf2j /s WORDS FOP. 3 0 WADs
19 2 OUTPUT(COUNTER2)=HIGH2
26 2 END TTYSTIIMER;

21 1 OTWSITINER. PM IkRIE PUBLIC, /s SET VOTI TO 9660 E IV /

22 1 OUTPVT(CONT;L)=CNTP2ODE.
23 2 U~.TCWF2zrSQR
24 2 OUTI fT(COUITER2)i,=M 0TpAM x;
25 2 END VOTWTIllRM
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-?I-E.' CQJW LER 2

B 26 1 CLOCKSRM: pUCEDI5 FMRS$, KLIr /s GETS TWf CONTENIS OF ((PINTER I
/ 27 2 oUtJT u(CMWa)=TIMERPCH,I 28 2 LWVSTIMf8EQ Itf JT(CUMfTEP);

2'. 2 HicNsyTIfWTEINPlT(CONI1EFI)i
At 2 RE1LWM TIME;
31 2 END CLOKM)i

32 1 o0 rII'RNVU,

MAOCLE INEOMTION:

jCODE ViR 511 -' - OW 6%P
VfWIPFILE Fti SIZE a ISIN 40
'PiItMM STRiU SIZE = OW OD
59 LIN(E MR
* PRGM EPRIJ(S)

FNPOF RA180 CCfPILRTISI

C-2
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PLt-88 LWMPILER 25H?-INI79

IIs-IlI PL/M- YVII MWILRTION OF CVLtU IR.Ei*TNW.LE
JIECT MaUJL PLACE IN 7FI:RIR- Oil

COMPILER INYOKED BY: KLR" :Fl ,IFL Fi IMU DM STE (25 AN 79)

I RIFLESORTASNODULE A~O

is INIUES VRRIOV-; PROCEXIES FOP RIFLE DATA 1/0 *

2 1 ')EO. I'155R1 6YE;

3 1 I=T: PRrCL( I T M0 )EIffEfU
4 2 DEOME IEM BYTE
5 24 9 6COTi

6 1 3MIT: PROCEDPEW9TSOT~~ImFItE);
7 2 DECLARE (WI4DOtATIONJILF) BYTE,
8 2 FOER(FILf) J(9lOTfLINTI0N)~CE(FILE). J(SI4OTSILaRTION)+i,
9 2 END CORIT S

Ds ECODE TRANSLTES UJEIW D~Fff INTO SHOT POSITION. N01E THAT
MORWS tfE TRATED 0 MISSES TWJS A 'HIGNLON* OR P' LEFT-PIGHT"

WII'H CS4Oj NEVER OMEIS 15 MISS TO SCOR AS ERPIM CHFIO THE
SMOND AND THIPO S OF DEME INTO 60" */

is I DEMO.E DEMXO(16) FYN1 R~T(S, 2,4. 3,6, S,5,4, 8, 9.6,2,7.9. 6, 1);

1. I COCOKPERD PPMIED&E flM*ESS EXTERNA.J
12 ED CIO(YVEAED 5
13 STS"ATP PPXEDURE PTR, LEN61I VAE) EXTERNIX,
14 DECL.K (LENGTH, VRLAE)BYIE FTR FIDDESSi
t5 BID SESAO

16 1 KEElw F US1SI"sm BYTE MWIC.
17 1 DCLORR LIT LITERFUY 'LITERR.LY',

NIGHM LIT 'EiLOIWW LIT '1', RIG14TSO LIT '2', LEFT140 LIT '3',
MITIW LIT '4'. MISSM LIT '5', MW~i LIT V6, TRGTMN LIT '7',
SOLDIERSW LIT '9' YOUM LIT '9', RSW LIT '@M',
IVSSWD LI7 ', MRRINESW LIT 'ONM', ENEIWI) LIT 'eON',
"ILLESW LIT '32', FRGZEW LIT 'eFH',

PORTI LIT 'SE4N', *' PF 13-E OF 60920 RMt V/
PORT LIT '"S',
PORT1 LIT 1~fW,3

PORT6 LIT 'SEAH',
EILE. LIT 'i@H' 3is I DECLE CaJNTERS T LIT SEWH'. /0 INITIAL VALUE 5 IN~ COMTEP s

19 1 DECLM HISTORY(S) BYTE 1XIER.
20 1 DEOM (TINEY, TFLAG) (Vi! EXTERNRLt;
21 1 DEOW SCOPE(5) CT~tM tMISS BYTE, MIT BYT, LOW BYTE LORIrAT BYTE.

RIGHT PYTE, t4IGVRIGMT BYTE, HIGH BYTE, HICUISLEFT BYTE,

LEFT BMTE LCWSLEFT PMI ERROR eYTE, RAMY BYTE,
TWGITSIOWDf BYTE) PEELIC;

WE I WILL (ISE *Ft'-eR TO COMMT TOTAL. SHOTS/
Z2 I DCO.t AOER(3) STFUCIWU ( J(13 BYTE) PW3UC .. (S( )

C -26



PL+ Ft*'J2wiLER 25 JUN 7PAGE

J 23 1 DECLSME SPWD(5) STRUCTIlE(940Tc- BMT. TIIIS9M 9F)CESS' PUBLIC.
24 1 DEtLR~f TOTLSTI~fM~E SM'6

25 1 DCLOREDELTASTINE FMS PUBLIC;3 26 1 DECLRRE (FILE-RIFLE,FPTR, BYTE PUBLIC.
27 1 DECLK SHOTVLRG BYTE PlIBLIC;

28 I DEMME TIEGETSTINE 9FOKSS EXTERWI&.
2,1 0ELflE RIFLESID BYME

39 1 DECLARE CRTSSTROBE LIT '48100088'i

3t I IIPISSTROE PRW4.lRE PIRIIC;
32 2 OUITPUT(PORT3) CRT$STKt

37 - OUITPIT(POfl)=
34 2 END UPISSTIE

4L 35 t ThRETSMILF1E PROWDAIR BMl PIkBIC; /* GIVES 11TRUE IF TWT PRESENT
36 2 DECLAIK TOET BYTE;
3? 2 TFK TINP~T(POpT2);

4 38 2 RTURN WOET; /* PORT 2BIT NJR 0 ILL E IHIF TAR( PPEwr.
S9 2 ENDTGESVIL~E

4e I RIFLESSHOT PPW~DI.PE eY-E PUBLIC; /s RET106 "TRt" IF SHOT FIPh *
41 2 SHOTSFLG=INPUTPORTt); i's "SHTSFLffG IS TRUE WHEN SHOT FIPE.)' *
42 2 RETLM SHOT*U~i,
43 2 END RIFL.ES94OT;

44 1 GETSRIFI.ESATO: PROCEDUWPE PUBLIC.
45 2 DECUEK 9SOTA BYTE.
46 2 UlKSOLYED: DO M4ILE SHE, LfI: lNPVT(PORTI),
47 3 94OTSOATRO. /s NEEDED TO ENTER FOLLOWING "WOSHT ROUTINEsi
48 3 MIOSHOT: DO WHILE NOT SJ4OTSDATA.
49 4 FILE =(FILE+I) RM 5. /'s FILE 0 CONTRINS RIFLE NUhIBER I OATA.

FILE I ==) RIFLE 12. ETC. *?'
56 4 RIFLE=FILE.I. /*OFILE* IS INTIFLIZED ONLY ONCE. THUJS

WE STWT CHECYIUG WXR WE LEFT F/
451 4 9SH0TWSH'SHOT9LRk3RIFLE)i

52 4 END *W4SHOT; /0 *RIFLE6 EGAS 940TING RIFLE RMP

4. 53 3 RIFLESID zROR(RIFLE, 3). /s GET RIFLE I0 INTO HIGH ORDER BITS i

S 54 3 IF MDT TWO ETHEN
553 DO;
56 4 IF FIRTPIOT(FI.E TWNl
57 4 HM"ICK 00;I58 5 IF TRRGET$TIME ( CLt0X}1E THEN
59 5 D I1TATIK 2 TWOESTIME - CLOCISREAD,

EL)E
w8 5 c1TTIME = COTERK T + I TF,GTSTIME - (tK2YSRElD
61 S 51ED(FII E). TIfl19J!"CPEED(FILE) TiIINEM + CLTKTIMEC
62 SPFED(F ILE). SHOT'. SPFED(FILE) 9ETS +1;
6, FIPSTSSWT(FILE) B;

b4 'S EIN MX(JICE,£65 4 END,366 HISTORY(FILF) li

6? WIJTT(PORT )mN0Tt IFLE 40 BFN /* S-ETS 9311 FOMCSS OF /DS1 1I I RIFLE *
68 OUTPt'T(RORTt") 2 EI*%BEi. /* LATCWES 9)TMATO FROM RIFLE ONTO~ w~S/

I ~ ~~C-27 ..--



et -1 C1119ILER 2___i 2TJ79 pwf i

69 3 9401 WA9INPJT(F RT2); /o RM QI*VW DATA *

79 3 OUTPJT(PORT6) = /0 RETLSIS /DSI # RIFLE HIGH ft( DROPS 8212 FRO" M* 3
71 3 OUTPJT(Por3)=N01 m OR FIFLE) Fo) "FH /s ARS5S 9311 /GOT DATA # RIFLE o
72 3 OUTPiJT(PORT6)= EWW1,
73 3 OUTPIJT(PORT6) =8.

74 3 CM.L COU7(lFWI; /0 OUTPT usVW MES5AGE TO TRX

79, 3 CR.1 COUT(CH + ILE); /s PIFI.E ADDOESSEo/1

76 -< IF 'dOT TURKEY) fID TFLFV PIEN

77 1 OKS[RTR- DO, /s " IN E SOE0 DRY S ISS(EFORPORT 2THA~T
BIT I z LOW, BIT 2 RIGHT
BIT ' H!W4, BIT 4 =LEFT *

78 4 CMU SCRIT(IISS&,kA=E1 )E(9F'(9OTSOTR~I) FM () l, FILE),

?9 4 u TPPRT6) =N T(RIFLU;ID 4 MES5AG) Wv ieuus.1
80 4 CALL LFISSTROME

81 4 O(YM* SAOKS 1 )CASE IESS E,
82 5i CALI COUTMIS'Jt
83 . CRLI COIJT(HIW).
84 9 CM.!. COUT(LOWSI),
E61 DO,
86 U'J COUT(LOIWW.);

eqD1 CUWT(IG S)i

90 ' DO;
91 ' RLL COUTG04 '0);
52 CALLi COMRi 40);,

93 E'0;
94 9 CALL COUT(H1GIMA
95 DO;
96 ' -LI COITHII W;,
9? (ALIL COUT(I EF' 54);
98E

CAL CMIOUT(LEPSII
tee DO;

WO (-IL COUTQ EF, 010);

104 P1' YOTRCS5ISSi iES;

166 I IEND WORM

168 1 TMYSOAA S!iXVK(FILE 'M =SME(FILE) TURKEV+Ii
109 MASIfT(PORT6) NOT(RIP l ID * W8H AM 1.11011118;
110 CM. IPISSWE /s 9OS TF'Y TO CMM LCRTO
111 4 CA'. COU(NWs.
112 '1 rfA cOJ(TW1E W);28



11 4 N

lt4 3 IF (NOT TF 4G) A0 (NOT TIJPFY) TDl
n 15 3 Do.

1 116 4 5{OM(FILF N ISS SCORE(Fi -). MMS + lo
117 4 ITPU!(KCTV = NDT(RIFLESO + Wft RI lllUi
U 18 4 (ILL upIs'.ROE; /o -MS' "M'ISS LATE* ESSMI T0 COMMOL CPT '

.2 4 F

121 1( CL COM1'ffH), /* VOlTRR Siffi-OFF V

122 1 ND LNESOLVED,
*j 123 2 EN, GETSRIFLESOATFI;

124 1 MWtSFAILEUSTOSSOOT' PR"E RKfI':
! 25 2 DO FPTPe@TO 4;
t 26 - iFLESID - ROR(FPTR+1 3:'.

4 SCOK(FPTR) TO6ETSUO', D=SCORE'FPTR). TFF GE DM4OED~i;
<0 4 OLIUTPO~RT6) NOT(RIFL' %ID + &tC)I) ND .IIfiIB;
'1 4 CALL U*'ISTRUE~ /0 SE'VS TRRWT IMMRE TO £01450 CRT s/
-2 4 CALL. M1NTFFHl; *'SOTRFX 6INTO NESSA(W V

(3 4 CALL ONlIT(OWi + FPTP1; /* kWCSS RIFLE NOT 9100TN6

- ? 4 EM;)

~ 11.1 SU $DATA(. HISTORY! 5,'
4 .40 10 WHOSViILENTW94OOT,

144' ItCLRRE k'0DVAOR) BTE,

144 HIW* ) Io0FPTR = 0TO4,
1 14L., RFWS rPTR) = 0;

A" 4- ~ IF '-;EEtrFPTR) WITS~i Tpc' /s AVOIDS 'WMRSTIoQTER IF W) RIFLE AT FPIR s/
4,' ER I-FPT) m-SCOREFPT HIS, + S£CE(FPTR) T'A NP +

SCORE FP1I' TA ET$IGWiD;
j 148 END fOf,

1116 PIFLE =i
PI WHSWOR -T DO FPTR z 0 TO I

152 4;F BD~-MS(FPTk+D = MNFSR FL.E-) THE

06~ 4 RIFLE : FPTR f2,
1')7 4 M~WI - z (9100MOR AN 8) OR ROL(WS, RIFLE).
5 158 4 END;,

159 3 END IN I$IWORST; *RIFLI HA VRLE OF WOPST SHOOTER s/
OU~TP1JT(PORT0 ) fl*OWl.

11 2 F*i 5NO14WORSTi

1 #32 1 END) PIFLESfl-TA$MN(NiIIE,

C -29



PLA' -" COMPILER 25 rib' 79 V4

M'ODULE£ INFORMATION:

,-- F WR SIZE W 38"h 9510
VWIPLE FIB SIZE z OW 169
MIlIJ STACI SIZE = 0 Q
27 LINES ACW
SKOR EROR(S)

END OF PLI-6 COJPILRTION

)
)t
)
)
I
S

3
3
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PL Ft114 1 Zu-*l i2 QOCT-8PAGEI

D ISIS-1 PL/N - 3 V3 1 cOMILATIN OF MOD LE CC&UEPLE
OBJECT MODUE wtft N -F1CON4(' OWJE COMILER INOtU BY MM18 fl CONSOL itfl DFBUG 1)FEF DATE '12 OCT 78)

ITHI S MODUL.E C~lE 8 INS ONSOLE 1I/O R(,IT INES

2 ECLARI UfSATSOATA LITE~tlY '%.CH', /s PIF#, 3-48 OF 80/2P MAUAL
U5MRTSSTATUS LITERALLY 6ED9', /* PiE 3-44 *./
EcC LITERALLY '±R; /* AS(I I "EsCFm *

ZERO LITERALLY '39H1',
4 CR LWTRALLY VH~~ , F LITERALY '@W',

ENEELE~3i LITEPHtLY 'tg4',
C PORT3 ITERALLY "(614'

PIJRT6 -ITERfLLY 'WAt',
TTYSI * LITERALLY '68*',
YOTPVC-StINE LITERALLY '09H',

USARTS 1NTROU. LITEU.LY 1011N

'***"*THE SILENT 79'" 1S HE[fTEP DEFINED tiS A TTY *us /

TTYS$-)i LITERALL.Y '04EM', /v £ SUP~ BITS, P BIT, i6X, P. 3-38,4,4-48 *
4 V~OTRIA(5OI) LITERALLY 484', '* DITTO~ EXCEPT I STOP BIT *1

USFIRTS'CORM( LITERALLY '2714' /* DATA rERI~i~L REMY, ETC *

USWITSK~SET LIT~ERAL.LY '40H',
HELLO (f8) BVTI- DATA (17, CR, .f,LF,[V. 'LET"- START'. CR, LFh,

3 "C1M DECIMAL3) BYTE E)(rERAUL
4 )ECL (I,Y,f,fl) BYTE.

5 'TYSTIPEP: P~RIO7EOWE EXTENAL;
6 END,

I )OTRrfWTINER PPOCEDLIFE EXTERUL
8 END;,

9 rTYSSEI PROCUEI fPIC

It TJMT(PORT3 TTY$i INE, / WILL . IRECT US VT OUTPUT TO TiY
it nLrK T(POP.Tf ENff'ES931l;
V 1?I1TPl VPPT - 9,0

13 (XL TTYSTIMEP' /* ZTSLIP FOR I BKV

14 OUTPU kUSATS"ITROL) TTVSN(()E,
15 OUIPUr USARTsrNTROL) USART~flrC#M9
16 D( TYSSET;

1? TTYRES PROCf[0JE P1.311 /s TTY RIfET *

18 OUTPU' (USARTfCS4TR) USARTKET;
19 CALL 'TYSSET,

k6 END T'YRES;£21 I, RYST PfEfNFE f 'IC;

22 OUTT'SAPTSliffTROL) =USTA(WWME.

24 --m Vo~oTPl

I-3
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25 1 VTRESPRO~swPULIC, /* V01(R RESET *

2? 2 (RJTPUT(PORT3) - VOTAXSLINE,)

29 2 OLJTPUIT(POPT6) u

38 2 MfL VOTRFOWIME'-,
31 2 CftL VDIWOM~;

32 2 ENDVOTN, 3
33 1 CINi PROCEDURE OYU. MLICi /* GETS A BYE FROM THE CONOLE *
34 2 P)Y: DO WHILE NOT 9@(INIUT(UMTSTFI1U),iD; /S 1. E. WHILE INPUT BUFFER

IS 1T REMY .
35 3 EDR Y
36 2 RETURN M6 RO IWUTgORTAM).

37 2 END CIN,

38 1 TXPD%' PROEN PULIC;
39 2 FPO WHILE NOT 99R flWUT(USARTcSIATUS), 2);5
40 3 END;
41 2 FN XRY

42 1 COUT PRMRE (ITEM) PUB8LIC; /* OUTPUTS *ITEM' *,'
43 2 ()ECifK ITElMT.
44 2 DO WHILE NfT(INPlVNUWTSSTftTUS');
45 END;
46 2 LUTI JTUSMIN7ATA)= ITEM.
4? 2 EN I COWT;

48 1 BIT$14MP: PR(IN PUBLIC;
49 2 Y INPUT(USMSVATA); /. *Yw HERE IS A BIT-BUcKET *
50 2 EM(' BITSVIMP;9

51 1 PRNNKM PRIXEDUE Pt3LK(
52 2 f"
53 M 1=0 TO 2,5
54 P IF (Y zEClrflL()0ZEP.OTEN
55 3 Gos=ml
56 3, IF G0S THEN CLii COUT(Y)
583 DO
59 2 CL.L COUT(CR);
68 2 CFALL C0UT(LF);
61 "1 FPN PRNTUI,

62 1 FPINT: PROCEDRK(POINTER PUBLIC,
63 fC.EQK (POINTER. FIK) MWOESS 5

CHRR WD POINTER W!TE,
64 I? .POIWTER.CHPIR, /* FIRST DRW IS CHMfCTEP COUT 0/
65 2 L0P: DO WHlILE POINTER ( FINAL.
66 POINTER-POINflERAt
67 3 CRiL CI3UT(CHRI),
68 END LgyP
69 ; END PRINT;

78 1 &"EETING PROCEDUFE PtUBLIC;

C- 32



I .. liC 1'178 PAGE 3

I 71 2 CFLPIT EL

75 1 Em. coN0EMMoE~

C, M IER = WH 270
$V4UkE WA SIZE = OW OD

115 LIKS R AD
0 F MM E RORs'

4 FN F' W-99 CfPILRTICW
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PIf*-. COW'IIEl 3 uct PAG~

ISIS- I I A 1-S V3. 1 COMPILRTI )k OF MODU RESLTSOD11L3
OBJCT HOWtAE PLICtO IN :Fl: O 3LT UJ
COWIIER IVLED BY- PINES :Ft E9UT PIN 140F CUIJE Wt (3 OCT 78)

I RESUTSVULiE: II

2 1 TTES: PPlCEDUW DUERWL
3 2 END TTWESi

4 1 CO ITE PRWJEN EXTERNW;
5 2 EN tWOITE;

6 1 COMMENT- PROCEDIU EXTEMIi
7 2 END COMMENT,

8 £ COIAT PROCEDLRE (LTR) EXTERA 1
9 2 rVECA.RE LTR BYTE,

W8 2 END CUi.

u1 I PRINT: PR(CEDRE (POINTER) EXER;
12 2 DECLW POINTER FODPESS;
t3 2 END PRINT.

t4 1 PRI4TUM: PRCEUE EXTERNIA.j
15 2 EM)PUNTMR

16 1 DECIFE (RIFLE, FILE) BYTE EXTERiR
17f 1 DECIFW CR LITERFILLY lOWN, IF LIYERS..LY 'Wl4;
18 1 DECRR SCONE (5) SIRUCT1N(MISS BYTE, HIT BYTE, LOW BYTE, LGHSRIGHT BYTE,

RIGHT BYTE, HIGMSIGIT BYE HIGH BIM 4IGHOLEFT BYTE.
LEFT BYTE LONSLEFT VfTE EM BYTE, ROVCE BMT
TARETSIGNORED BYTE) EXTERNAL

19 I DECLIVE DECIWLQ() BYTE PUBLIC;
2l 1. DECIFK (,Z) BYTE.

(9.WWITS, WRSISSES) BYm PUR11K

21 1 DEO.. ADCER(5) STRICTRE(J(13) BYTE) EXTERIK;
& I t DECARE SEED(5) STRUCTIE(S4OTS BYTE, TIME"SI FIESS) EXTERWLj

23 t DEMME RYGW IRE SS PULIC,
24 t ((VRT: F'ROCEDUWE(NEX.
25 DEWW NO BYTE,2t D IzSTO 2
20 0EC1K2-IDz HEX NOD 16 + 3W4
28 3 HEX a HX / 0;
29 ElIEND;

31 1 W*~bW RIFIEWI(S) BYTrE ORAt.?. 'RIFLE:')
3', 1 PFCIRE TOTLSS#4TS(14N BYTE DAT(13.'TOTA SHOTS: ')i
32 1 DECaNI PIFLEHIT(?) PYTE DATA(6, 'HITS. ')i
34 1 (EOME PIFLEI!SS(9 BYTE DATR(8, 'MISSES: )2

I DEO,.K PIFIESIOI() PMT DATA(6. '101:'
SI DECME RIFLESLOWRTGHT~13) BYTE OPTR(12, -*LOW RIGHTS: ')j

C-34



1 DECLARE RIFLEPIGHT'(9) 'VTE DR R(8, 'RI MTS
38 1 DELAPE RIFLEsWI']WSPI1 (14) V TE DATf 13, 'Hit4 RIGH4TS
39 t DECIM' RIFLESI41!3H($) FYTE DATh' 7, 'HIf, IS )

40 1 DECLAI t RIFLEsHlW$EFl 13) BY, DATA' '2. 'HII)P LEFTSB41 1 DECLA4. RIFLESLEFT(8) F".'TE DATI, 7, 'LEF 'S 1);
42 1 DECLAVE PIFLESLPWgLEFT Q) BMT DATA( , 'LOW 1415: )

4~ 3 DECLA[ E RIFLESTPM~E(i7') BYTE C TA(il NO] WTAR ')i344 t DE:CLft F RlFLE$T&RGETSr'4WPD(IE BYTE 1ATA(1, TARGTS IGWIPEX ,
45 1 DECLWC KAWQ,( "YT 14TA(2,CF LF)i
46 1 DECUOPE HOWW4'fSl4TSk 18) BYTE DATA('. 'TP% S SHOT AT
4.' 1 DECLRA' WERW3ETIEW " BYTE 14TA(14 RYERA( TICl')

10 1 OECL~ff (MITS181 BYTE T)ATA(?, .O~S ; ~

DATE '1v) BYTE EXTMR,
IDPIOfl (6) ryTE Dfl-t 1 &,
IDFUPG BYTE E ,TERNtl,

I l POESE',TSRESULTS PPn1(mlRE PUt~ IC,

2 DIWAPE;

ca CAL TYRES. /* RESET FOP TTI' OUTPUT -EC9JN6M N((AE

54 2 CMl MINT( BLHK.;
55 2 CALL PRINT( BIFE,)

56 2 IFI FLffiTHEN 00,
5A 3 Ml PRINT( DATE);

5:- 3 CM PRINT, U4WPBF

6* 2 CMt PRINT( Ktf*)
t, 2 CRI PRINTi E4JL *

2 (1ES FLEVEStLI T 00 1 FLE=' TO 5;

64 3 I F S4 ED(PIFI.E-P 4O ' THEN
6. ? TYPE1[T DOV.

& 4 CAL PRINT( BAI0

S4 CAL PRIN'( RIFLESWD
4- 4 Cai rCOUTRIFLE,'BN,;

S4 CRI PRINT( BLtFW,
.~ 4 Cf4 PRINT( BLIME

?1 4 IF R IFLRG THEN4
4 CM PRIPITC WmRIFLE-1)).

7 4 CALI PINT( YOUPSc(OWE

74 4 Ch., PRINIT( BS.t
7'. 4 01 PRINT( 000

7 4 Fit c4IFLE-1; C3

C-3



77 4 COLL PRINKT TOTL$WTS), 
I

78 4 SINNS9OTS a 0
79 4 SW0Z4TO it
88 5 9SIMS - 9SWOS 4 IFOE(FIL). 3(Z);e1 5 MI9~ 3 'm
82 4 NEWIS 5:I
83 4 9W:Q DOZ a 2TO 9;
84 tEMW HISSS a lEUISSES * fCER(FILE). .1(Z),
05 5 END Sm.

06 4 CFL WoNRTgMS9oTS)i

97 4 tFLL PRNTEA-

88 4 CFlL PRINTK RIFLES4!T);
89 4 UICIM (S. (FLE HIT)
90 4 AXL P"T"Ift.

91 4 CMIL PRINT(. RIFLEsISS);3
92 4 CALL Ct*W'RSCORE'FILE) MISS5),
93 4 CftAi PWNM

94 4 CLU PRINTK RIFRESI.(U
95 4 CALL CDNRT(SCOmE(FILE).LOU)i
% 4 M LPP1TUq

97 4 'lJ PRINT( R!FL.EOLOWIRIGHT),
W$ 4 MAL COWRT(' W(FILE). LOWVIGHlT);
99 4 rFtIPMETNLM,

10 4 Al PRINT( RIFLESRIGfl')
1"'1 4 rFtL Crf fT(SCORE(FILE). R100')i
Ilk' 4 AL. PRWTIIP.

10 4 CAILL PRINT( RIESHIO4PIGHT);
1@4 4 PILL COIWT "SCOE 'FILE). HIMIPIIWf);3
ltfi 4 CALL PRNTWMr;

Ilk~ 4 AL PRINT( RIFLEs14IGH) 310~7 4 CXL COWTSCORE(FILE) HIGH);
I Oe 4 OIFL PRAITMJA

il 4 CALL IRINT( RIFLESHIGtLEVT),
A@ 4 LL I ONIOT(SMIR(FILE) HJIMEFT);111 4 CALL PNN.M

L1 4 CALL PRINfT( RIFLE$LEFT).
I 4 LAL CWTY~(SCOE(FILE) LEFT).
14 4 rAL 'IRNTPIf

1'- 4 CALL *lt4T( RIFLESLOMSLEFT)o
It. 4 CALL ONTAMUCOP(FlLE) LOMSEFT),
F: 4 CALL *-HTmm.

1i. 4 CA L 'RINT( FPIFLESTL(E,1;

C-36



I114 4 (ALL COM~T(SORE(FILE MW~E);
128 4 ('iL PiTW

L21 4 ALL1 PRINT1( RIFLESFTSIGWnD);t 22 4 ALL CONWT(SCOE(FILE) TN TSIGHED)i
1?3 4 ALL MP UM

1,4'L C%4RT(SEED~r1LE) AT)'
ILL 4 R PRNTNU

1:1 4 M.l COAT(LCM(WG$TIP()),
1,2 4 F(Z P)'CI~kA6)) 0 _uAN M1EN CALL COTZ)
1-4 4 CALL 0 UT(DECIm..~1)
135 4 -IL C(t.r(2EN); '* v PERIOD M~ DECIMAL. POINT 1
I _t 4 "ALL CLIT(DECIAL
j r 4 ILLi COwJT(2SH)i
13E 4 F.I PVINT( UNITS)
1IP 4 1At CJT(CR);

*140 4 CAL WCJT(LF),

14' 4 CALL PRINTS. BLN)
14 4 CXL COMENT; /s C(1#1NT fRS TO F ACTION 1ME*

14 4 MXI. PRINTt. BANK)C

C(WOSITE is EASY If, CWMGE IT'S IN MODUF 'FNAL

*MM * 4 - -****9 **f

14. 4 CAL.L COMPOrITE, /w THE COW ISITE SCORE 1' INITIALLY:s
1'(HIb/9QTS) # P~*(NEAR HISSES/94 TS) +
10s(TIMf CREDIT FROM OROCEffijE 'CON 0-, 1FOOK)

4' 14 4 CALL PRINT( BLAK *Kr FTf"INRD

14 4 ENE, TYP'ES I

14 _2 END OSNEIESLt'.

t 4 2 EM9tr.

14 ED :RESENI ;RESULTS.

M~~E RE IE 2 041 1 D

3C -37



3 OCT 7 PRrJE I5

IXIMM I STACK SIZE "8M 6D
25 LINES R,

I
80 O k" FClOWILRTION

I

3
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ISIS-11 PL/I+-80 V13 I COIIPILATION ')K MODULE F[IN.NOOLLE
OBJECT KkDLE PLACED IN :FI.FINA. TJ

*COMPILER 1PAOV'ED BY PLMW -Fl: F& P-UMI DRE DEBM WE (25 AIN 79;

I. FINASIODULE DO;
t DECLW SPED(5) STP'RE(H0TS BYTE, TIMESM ADDRESS) EXTFRJA..

(FILE. RIFLE. 3'JMSSNOTS, NPOIScES) BYTE EXTERYE
W BYTE, AVGSTIP( fiDDRESS EXTOW,.
SCOPE(5) STPrTLRE(ISS FVTE, HIT BYT, LOWl BYTE, 1014P1(3T BYTE,

RIGHT BYTE1 HIMMWIGl4T BYTE, HIGH BYTE,
HIGW4SEFT BYTE. LEFT BYTE. L(UdSLEFT B"T
UVOR BYT, TUJ (E BMYT W ETSIWN3A BYTE)
EXTE10ft 1

FAST W,) BYT DATA M4i MAN" Y(OJ"RE THE FASTEST SHO)T IN THE WEST'),
M)O (2r) Wi' DATA (24. HEY' YOJ"RE PRETT QUICK'),

FAIR (11~ BMT DAIA (37, 014 WELL' THERE"S HOPE IF YOU %-TED UP'),
POOR GOi BYTi DAIA (29. SORRY, B1JT YOIJ"RE PRET1Y SLOW'),
CR LITE IR.LY ADH IF L (TEPOIIY ',
(TIMESCWEDIT. N) BYTL

3 1 CiOiii PPWMEDURE ILTR) EXTIIRA;
4 2 DErLRPE LW 9'TE.

b 2 EP('CET;

E i PRINT MCEDUR- (POIN.TER) EX~bTER&
7 2 DECARE PO NTER F(ORESS;
~'2 EN PPIN1.

t COMNT PROMIRE PYJIc.
1" 2 IF VWWTIE(0 5 Tt.N

2 DO.
3 011- PRINT( FAST-

4 3 TIM(EMIT =3.
3 END,.
2 ELSE IFRW GiME9( -THEN
2 DO.
3 C' LL PRINI, OOW;
3 T[MESCREDIf:=?

. 3 ErO;I 1 2 ELSf IFAYWSIME '= 13 ITH
2 D.

'3 ('itt PRINi' FAIP).
3 'r(ICREDIT =1.

3 f 4;
'2 EIS DO,53 041LPRINTth P~f.)i

2 END' COPIMENT;

I HXR- PROCEtARE(H~ -'$FM DECSRtR) MfBlI1";
.. DECAPF(HEXMW1, Do ' MIR) ADDRE%),

HEX BWSED 'f WADMORE, S,
DECIA OR Ell DECSADR e BYTE,

C -39



tJ~~94Srrp~iLER 25 tgiri,

L 2 00ON 0TO04, 3
3-, 3 pA
34 3 DCINUL() a HEX lo is 3@11;
3'- 3 HEX = H/1O;
3t. 3 ED
3 ' 2 w4
3A 2 DO WILE DECIfWAII c 3M F# NM-
3": 3 DECIII(N) z 28K /* FUMC LERDItIG MMR WM~ SPWUES *
4' 3 N aN .
41 3 END;
42 2 END NM-f

4- 1 EXOITE: PODt PWLIC
44 2 DEILM CII(24) VIMT DATA(23, IV=R IYmelFL ScOM IS: I),

C 2 OVWL lW*S(SMO(FILE). HIr)/9US9DT + 60*BMSW5s/gj*WITS

4~~ 2 * STIMESED!T - 2*(S FL.E). TMTSIUIi)

47 2 IF RILL < WON H EN DO; /- 1. E CIEC FOR FE6AIE SCO .
*~ 3 MI WML I O<PRJ, -DEM),
5(l 3 DO N z9 TO4;
51 4 CftL MWT(DEU..WN);
5; 4 EJi,
5- 3 EI;

Z 2 CALL. CtJJT(CI),
5' 2 CiLL W.JT(LF)i
~n 2 CFtLOJ LF)W

5f 2 END CWMOITEi

5~' I 0B FIW4LgHMI;A

RX-OE IW(FtATIOW

CODE fWER SIZE a 022% M531
VFI!FILE NOf SIZE a 00I0H 16!
"ICINM SM SIZE a am 81, 2

0 PPOW11I EwW(S

EM,'IF~ P/M-l0 COWILRTl0N

C -40



IS 1,1 PILM-8S' I COMPILA ION 01 MODUL INTERUPT?
OBJt CT MDUE PL ED IN .F1 INTER. -86jt CCI I ER I NYC(ET V' PtMW Fi-IN ER.PLM ')(RF DEBUG EL W (3 OCT 78'-

* StJ INTYECTOR

INTEM~PT' O;

I DECLARE TRAIN MYE [J<ERA
(4V11C4 LITERALLY @MlH' /s MRESS 11) WIC1 WE SEND THE FOWLININ3

* NON-SPECIFIC ENi) OF INTEPRPT *
000*~ LITER[LIY 2514'. /s THE NOt-{IFIC EOI, SEE PAIGE 3-108

ND PRIDE 1.0e8.

I INTFPROUTINE 1WOEtVJR INTERRPT 7 r"1Ci
2 TPtI?~o, '* PROG'w WILL CALL. FOP RESULTS TO BE TYPE OUT

v 2 t0'rPUT(FUM)2 W ME;
42 Et )INTERTSFOJUE ,

I ,' t Ell INTEPR~'.T ?.

3 ~ ? il4f INfFYVITI(N

,(,EfAEA cSZE =SS13H 19D
V41WIBLE FRA SIZE =S*W 9D

I- LINES Ft ID56 3 FROGRRi WRO(S)

Ef OF it/M-5 )WILRTION

It
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U
R ' 140 F IUP141. SRCM I I R'FLE IE.M 19 "41 TI ILE('f JAN 79')

I IS-Il ICS-40. P1-41 1#00 AS.fMBLER, V2 0 PAGE 1

Slt. JAN 7'

LOC (1J SEQ ,),CE S AITEMENT

* I. ASSE Lft GE PROGRAM WRITTEN FOP IqE UPI-4t
(LNIV RL PERIMUM INTERFPCE-41) [lklNG THE

3; SMMER ERN OF ACMEM1C YER 77-78 BY 14M1S J
4 RIORM; '4HILE WOIKING AS R GRADUATE H(S ISTAIT

4 5. FOR * - T C. TWL.E RT THE M TRAINING
6 E LWUIPMENI CENTER (NTEC) IN ORLANDO FlCP [DR.

*7,
8;
9, THE PROGR ACEPTS F P±EL DATA TPFgF FROM
e, RN OUTJPT PORT ( ,' OF AN INTEL SC-' V2-4

ii , SINGLE BOAD COUTEP SYSTEI. THE DATl WWOR IS
V/ DEC'iODED TO OBTAIN R REFERENCE COLUM (Cu THE FACE
t3 . AN FN CRT THE C.T CURSOR IS THEN POSITIONED
14 IN THT C(LI". THE DATA WORD IS FUFTHER DECODED
15. 10 OBTAIN T#f AMS IN ROl OF A TEY"T STRING WHICH
16 IS THEN SHIF-T OUT :-RIA.LY TI4 lIf ff. 1/O PORT

V7. LINE (f THE I P-41A1 0 LM M 1 PROGAM
18 IS INTEWT 'RIYEN FND ITILIES A F,',, STAI( TO
19 . BfIMWE OLT [.ISPIWITIES BETWEEN THE FHiE AT WHICH IT
A CAN SHIFT (iT SERIAIL 'ATA AS C1I VW{. '3 THE HIGHEST
I1 POSSIBLE RATE AT WHIfH IT MUST ACCEPI PFf.LEL DATA

22
23 THE RkiMTIME CONFIGU.IION OF rME LIP]-4t IS AS FOLLOWS
24
~,, REGIS7IR WON 0

2i
2t , REGISIER O(IR') 7 Oil ASCII (ODE C(01 1;
29 . REGIS'ER I(R) RSCI 1 er TO BE OUll r
30 REGISER 2(R') COUNT FOR YIIFBLE , ' Y
31 , REGIS 'ER 3(4') OUTF1J STRING RRES'
32 REGISrER 4(I) F VLUE FRO' LOOIF TABLE
33, REGISrER 50 5) BINHPY CODE FOR CRT ,LNIN POSITION
34, EGISER 6F) COUNTER FOR STRING ryflPUT
315 REGI"TER 7F) PAN.ILEL DATA TRFNF& .
36
37. REGIcER BANK 1
38.

40 REGI's.TER @(P) CPINT DATA POINTEF
41 REGISTER 1(1) FINI rATA POINTEP

42 , 'EGISIER 2(42) QUEIE STATUS
43 , EGIIS rER 3tP3) ACAILATOR TORAGE
44, PEGIsrER 4(R4) RJ.D
45 . KGIS'ER 5(5) C N5TF,, T,93D
4, . RGISIEP 6(P6) CONST'WT=224
47 . RGISER FP(R7) tEJFCM DATA WORD ORAIE

49
5@ . PORT I SERIA. TRW.MISSION ON BIT
51 . fI 2 LINES 0-4 LE,,ED AS A 4R9K IN" T TO I1IBIT TF 'T
5; ,STRING OUTP11T LIE 7 USEr, k) ENABL CHIP SELECT

n-1



I
ISIS I. MCS- IP-4i K= ASSEhLER, V2.1 PAR 2

18 JHN 79

LL 08J WQ SO RICE ETA NT

55,
56,

sw5? ORO 0
@to Aw 58 JW INIT ;PRSEWE INTERRT VECTORS

59 ORG 3D ;EXTEPtUL INTERT VECTOR
M, 0458 60 EXTINT. JIP INROUT JUNP TO INTEWIUT ROUTINE
L1 61 ORO 71 ,TINEF INTERRPT VECTOR
ti4, 046A 62 TIMINT: JN TII1 ,TIHEF INTE I PT ROUTINE

63 ORG iF
t'35 64 INIT CPL F SET F, % SO INTERRUPTS NOT E ILED

65 .OURIN, [NIT TRLIZMTION ROUTINE
66 R. P2, EA ;NO ER MILL DRIVE LINES 0-4 TO GROUN IN CE
67 THE SIIULRTION PON 15 GOING TO BE RUN I E.
68 THIS WILL KEEP EACH RIFLE FROM PICKIPNG iP
,9 ;ON EXT! ] SHOT [E TO THE OUTr LINES

? CIING UiP HIWr.-S20 8212 CLEA WILL NOT
71 ;HK BFEN DONE AT THIS POINT IN TIME-,
72 LM1 5 & 6 WILL BOTH E NIGH AS REgJI E
73 TO LET I E, DA SIMNAL CONTROL THE Tf PRES FLG
74 ;IUT HILL NOT B tE THE CHIP SLECT HIlCH
75 ;IS TIED TO LINE ?

8ON fA 76 IOV Rl. KIt ;ASCII ON 10 CLEA CRT SCREEN 3
AW8 3438 77 CALL OUTPUT

01' 3450 78 CALL DELAYI
891. 341A 79 CL LOCS SET JP CRT 0 AICCEPT X COOR VALUE 3
6810 89218 NOV P, #28H .X VP AIE FOR COLUMN I
"61 3436 81 CL ,IJTPUT ROUT INE TO '.EN ASCII CMTER

of. 582 SEI Pf1
8811 ' 3 NOV R, 132(, INIT AL VLII FOR CFO HENOR POINTER
881c 3920 A4 NOV Pt,632!, INIT AL VAt.Ik FOR WRITE MEMORY POINTER

AKE * IS NOV R2, IN CLEi OUEUE STATUS REGISTER
2:EE@ A6 NOV R6, #224D ;224 # 32 AAlLABLE LOCATIONS IN R A

87 = 250 ) OVERFLOW
k*2. ICi 88 NOV R519:-v 193 + 63(LST RAN f)RESS) 256 =>

!,19; OVERFLOM
8924 f C ie FN P2, H EI E CHIP CT
9026 15 1 EN I E6t E EXTEIEI INTEPRUPTS
41? A 2 WRIT: NOY R,R2 ,GET PIE STATUS
*218 627 93 JZ WRIT ,IF 0lJETE ENPTY NO ACTION

'7;
'8;

S8 4~ START NOV R, 00 GET DPT'R FRjM RAN Lrp ATION
02 f 1P4 NOV R?, STORE " I
0( A i t DEC R2 DECREENT QUEIE STrTUS REGISTER

D., C 10- NOV A, R5 193 DECIM.
a 8A ADD A, R9 (ECK FOR LF6T TACCSS BEING 0 TOP OF i

w 1 t I JIQ CONT
0 :81F 1i. NOV R,131i, .ONE LESS THAN OF R N
033 8 ( CONT INC P ,E&AI RAN CCESS LO IION
00,4 F 1 NOV .R7 RETFIEVE OATH



ISI-11I 1K4 AP-41 ?CO SSEILtER,V e PAGE 3

L f 08,S. St OCESTP TEMM

eAM C5o L

am I 189 9 6 ?,A ,STORE DI TA

83? 43i1  16 t A. A SH - SET BIT 3IM 5 HARDMIRE(- LO

IN93 it. t1 p
01 9- 12 A (J1Th
0C 441 113 P FIFSIM ,IF CODE FOR RI E SIMJLATI(N ;I;r(NE

114 ; AS SENT AfP 1 IT

4 f 3E ft 115 CONTH: L P1,iFH ,IF SINILRTION '.1 NOT BEING KIN

1t6 THEN P4 2 8-. MST BE IPIJT

*4S FF il' KV 6. R? I.RETRIEEI DATA
6141 34@ 1, CLL M4SK CHEM TO SEE It OUI ff DESIREI

0 43 .11 ,IFu @ 1;M IF FLf ) SEYMR T FOR NE DATA
i45 341 12 CALL L"<SET SET U1 F00 TO f'CMEPT X-CO0 V,.LIE
%147 FI 12 PIN i.R5 ,GET R FLE ID FF. MPRODUR K STOAE

12 iLOCRT ON
Ok4b 341 12 CALL 1B JATB OR TO LD RTION CORRES TO' 1IFLE #
4( FF 12 NOY RI RETRILVE MM tAATR

-4B 47 12 SP A PUT COD O rpE OF SHOT
1,2 ,IN UPPER 4 BIT TO ALOM ACES-. TO
12 i16 MEMO LOc IONS PER SHOT TYPE

*4( 53k 1; RNL f A. NFW ; 14ASI OUT LOW 0 R RBITS
o* iB 1; POV R., A ;STORE RELATIVE 'IORESS OF C"W TRIN6
d64f E 1 0 OVP3 A @A GET STRING LENGTH
.50 f L I nov P-;, A ;STOPE COUNTER " [LE

W51 3 4, 1 ? CALL SINUT ;PROLEDIUE TO Ok PUT SCII STP
%5X --, 4' 1 CALL CPLF
AiuI5 D)5 14 ESCAE SEL pit ;RETLN rO OW T REG BANK FOP 6RAiT LOOP
k 5x.u u 4. 1I", JuP i4IT

4 jA,,

14ki

1$ 1,6 141 INIOUT SE RK I1TERKI REG B*W
*, . 142 IK R-7, A -, UATO.

o6 i 14. PK y A, R6 Z Q
,66 t 14 Fto R, R2

I oa 1,4 JZ GLEULR. f -EM FOR Q FL.
oi E It 146 INC P2 IPCENT QUELE STATUS REGISTEk

147 IN -.DB IPUT DATA
148 ;FF M R INTERRi T STORE FF

0.1" Hi 149 19 N A, A IE NEW DATA
,..I Ft. .50 m IV 11 5 ;D'J

,.*2 6. .51 AID ' ,R i ECK TO SEE IF STORE AS

152 , i N LAST AVRILRB E RAI LOCATION
96 ' 153 .J'4Z NT1 ;IF NOT TME CON I1NE

,,i5 9 F .54 101 1 t,#131D , 1TTOP OF QUEUE

R b, 19 55 CONrI: IC tt NCMEIENT WRITE IOINTER REG
E FB '56 UE:UL: MN R3 ,'ESTORE ACCUNULRIOR
-,o.1', "!3 .57 SETR ;, N FROM INTEBIRPT
6p t3 !58 TII'4*T: STOP XT ;PREYENT FURTHER TIEw WERFLOM

" 4 (1 ,59 (7N ,.PS, ;THIS SEPOE OF OPTrION AL.LOWS

*J- 01' -6_ DEC JTHE RETPN ADWESS WHI H MRS STORED

ki- 531,7 61 A4L ,0TH ;ON THE CrAK TO BE f IRED SO THRT
., 62 RL ,ON RETIFI IT WILL NOT ONTIME IN

1-3



Al' II ICS48P.-41 HiO ISSEMlLb YZ PAGE 4

to 4 79

&8 1310 to ADD A ;TE SlAE LO0 IT 45 IN WHICH FOD D

, 12 Re8 164 IMD I&A ;TNE INTUMI CALL IN THE FIRS PLACE.

k- '316 15 INC i- ;PROFEDA! CANB E FI(WMD OUT E*V REF

04 18 t66 INC i ;tPI-41 IR. PP. 2-8,9.

0- j 2114 I6' Iy ,hLOW FiL1

8," ' 54D 1t, CALL FAIL

,i 23F@ 178 FINIS: MOV A# LOW DONE IES1 COMPLETE MESSAGE

ik, 88 171 MDl R3.A

i,, E3 1_2 1P3 A,"
(v:1E 7E t;3 NOIV 6,A

@-1"* 3427 174 CRL STROUT
I, 345D 1,5 CALL CRLF

' 8483 176 )fRE- JNP HERE ;WIT FOR RES'FT(EXTEPA2L S
J '9 90INIES IN FIRST F'*GE OF MM'CI'
1.4
18,

18-: ORO 256D
SW1 184 DIODAT I ) D, 20,4, :)016

.4 10

, :53E@ I819: A 4 ,6 ANESH Al( OUT 5 1 O(w E BITS

1, "47 t8t SWAP A -RIFLE ID IN ITS 1,; 3

?; It R, I A IN BITS e1,e

.18 NV R5, A STORE RIFLE -ODE

• 7 181 DEC A •IFLE CODE($ II.E) 9 -

t; n1 19, 11M' R1, .0I ET (WP ',Lt[E FOP DRRENT RIFLE
• 19 NOV R4. A . ';TOP[ VAlUE

O£ ,92 IN k P2 .1IT FIFLE1SK
.':3 f L , 4
1! II aR F@

* 1',' JNZ C(VT2 !LWIJ IF RIFE NOT E
' 915 19. CiL FO 1 TF LG IM IATINN IM

19.' CONT; RE1 ,47IUJ FROM 9iO IT 4E

* 17 1% TAB IN( fW A ./ERTh CGLT DIGl FOP HIGH BYTE

47 1i9.9 W A ,."T I HIGHBTE
F92H8 Nov R1 A

21, 1tL OTrPIUT

" oii.1 2" LWSET, 0 RI KfOiH I SCI ESC 1 'Al IOW
i<t, -E ,L 50 PD. ITIONI',3)

3438 2' CA L 011PT
819O'2 R1 L #3D AII EGINS

34A4 207 CAL UiTPUT
893 m8 NO. Ri. 374 ,.'OM 2- OF Mm TI11AL

'~2439 389 CAkL OUTPUT
V 2 RE ;L'ETUP FROM 5 lPOUINE 2
to 211 SRJT 1N F3 IT T, LOCRTi (OF 1TIE GIIIIG

,i2. Fb 212 NW A R3 i R 4E P 3 AOREciOF
213 SCI I STRING

D-4



K5SiINS-*4P1-4. IRO ASEPO, Y' S PG 5

18 JIM 79

LOC BJ Si Q SOME S14901N

8193 '14 MM 3 M,A OR GET C I I CWJ;4ER
12 9 115 NOV 411,A
819430 >16 CALL ':JTPUfT

0124) E27 1? DJNZ FP',lSTPOJUT HRYqE F CHAR BEEN O I PUT
o8lf 3 18 RET ; RE M-NFRO 5 BOUII(
81A~ 5 -19 OUTFULT 015
8131 869" 223O P" 00S7M ;SEltt BIT COI ATER
di33 9 M2 NOV 0 Rt ,GET 00ROWCTER TO BE OUTN1T
0134 90 2w RL Fl, MHPtJT (VT ST8IT
@136 A4 23 NOV F~4 _, W SET UP DVGA' 00P LENGTH

818440 '24 CALL Cf LR
01A 25 LE1PI OIJTL F' A ,OUTPUT CURREW BIT O SERIFt IV~AE

818 6 R p GETNEYT BITC ASC II CODE
0'13C 0 27 MOP WUAIT I INSRLI T ION CYCLE TO CPJ6A11

28 ,FOR RR BEING H SINWE CYCLE (ERTION
H& .Ii 229 NOV R , MH ST UP DELRY LOW LENGTH

o1l-i 44D 18 CFt..I V+LM'
@141 iA31 DJNZ F-I. LOOP! JTEST FOR 7 SITS OLJTP'.

0~ ~ ~ ~ 1 3 -@,3 OL bM PUT OUFSTOP PIT
o1145IF 0.4 33 NOV P2,US34 SET UP ELffi 0~P LENGTH
M-14 - .4D) 4 CALL !iEM

1J~149 f ~ .5 JF@ V1INEN IFIN AlI F(NWDN E~fl i INTERF9JTS

1114L 7 NDI~i RETRETUMIFROM RWN

k106X10 NEf OV wlIII #1a ESIF" DELAY LOOP, ti OX 1/4 iEC
'52 B F A1 NLOV MW 2. UFPI
154 I 41D' CAL ffLRt
1-t51 [(.12 4i DJNZ d'OLOOF

1,8 1 , -44 f
k I5 6 Ir - 45 PILIT: NOV R6 U,CW riT RIFLE MJSEF
olk @ .46 DEC i CREA'L POINTER FOR 01?J TAIBL

M4 OW H@f ;GET feTE WITH CORRECT t1LSE BIT SET
8. '4 RET

161, fl' -. 4' MRF. NOV -1 OH ;LINE WIFED
15 4 im CALL NAMFU

iNi B' v 2 -1 HOY pilNV ;CMRI ',% RETURN

34, 2.2 CFLL AWPU

i2. 2. - O CHEC MR -TIND ~STMITING COIT 0TIME( IT
2, ;1)EVCESSORNWILL (II INTEMrmED

* " IFTO# 96M2SDOESNh ESPOND I TIN
2;A SElIFIED TIME.

6* 2.,,( NOV T-A ;LORD [1ME
SSTRT 7 STMT TIER

tt'oA"Q 216, LOOK- 7 1i 'Im AI W-11LOOK FORKSI T UTIL
2t. ,TIME(fOI S CCUEDa .65 STO - ITKl TMSTNTOFTU

8. -Lv? myi piT IO 18D ;GIVE fVA UICIENT'TIME To
"~* ~F 2')1 LOOPZ: MDV p 1,6If #*TV " IT VO1TIM INIT' IZRTION WOMD

'O 3444) 2 Z CF. [ff* f k 2#. DJN Rd,LOOP2
-1 *4k JNIBF ?VIMNR .PEM"FROM8/

'i-a2'IN MO6 ;BRING N/0076

D-5
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/Sli-ll IIS-44PI-41 WIl .ICO M LMl V - PARE 6
16 JfiN 79

LX B,: SE S(4CE S1lATEIT )
6l7'? DC 269 a A. R4 ;IF IDENTICAL RES LT IS ZERO

(178 C&4 278 TZ NEXTI THEN 00 ON WITH TEST

01-R 231Rf 271 IN A,# LOW FAL2
"17C 544) 272 :ILL FAIL
1117E 24,i4 273 .49 NEXTI
tj8 2--4 274 NOINTR AOY R,# LOW FRL3

482 54 275 CL FAIL ; II)ICATE FAILUIR E
,-84 08..R 276 NEXTI: OY Pil1D ;GIVE " TIE TO _(, RMIINING

277 ;PORTION OF MESSAGE
1186 K; F 278 LOOPY: M V 2,NFFH

'1188 34 1D 279 CIL
,1 6 286 DJN PI, LOOPY

1 . 281 RET
.180 Ft 282 RIFLOP MOY ti ,1 ;RETRIEVE RIFLE NIJ1R
418E E 283 I A ;CME IN BITS 1,2,43
i18F 4:,'1 294 A1i A, #01H ;NO STFMT BIT ON SERIAL OUT LINE
11 3' 285 i. Pi, 0 SET LiP II

.'192 Ft 296 "N 0, R6 ;GET C1.IENT RIFLE
.193 4, 287 S4WP A ;PUT IN HIGH BYTE
ji1.4E r  286 RL A ;IPPER 3 BITS
.4195 4( 289 X A, R5 ; CREATE CORRECT RETUPN CfOE
14 ( 296 MYO R4,A ;TEMP STORE

.4197 -. )9 291 'F1L PULBI7 ;GET BYTE WITH CORRECT BIT SET
292 ;FOR RIFLE TRIGGER

0199 4 40 293 Opt A, #w ;KEEP TfIGET PRESENT 0N
0196 3-1 294 I.rTL P2,A ;RISING EGE OF TRIGG R PULSE
019C 940 295 Rti 2,114W ;FFILLING EM)B OF PULSEM
el9E 3166 296 (ALL HECK

297 PET
290,
299 DRIVII FOR RIFLE SINA.RTION AND ITS ESSAGES LOCATED
388 IN F,RT PUGE OF eMOPRY

301

33, THIS SE(IET OF THE UPI-PRO"f PROVIDES SIILATED
364, RIFLE DATA ItIf.T TO THE 2 COMPUTER. IT CHECKS
365, FOR THE PROPER ETL BYTE TO THE UPI-41 FOR THE

305, SIMULATED 90HT AI IN)ICATES FAILURES BY A MESSAGE
387, TO THE CONSOLE INITIALLY IT SI16 ON NO) PP1OPTS
3M8 J THE U'EP FOR THE I'W R MODIFICaTIONS NECESSWY.

389 , IF A FRAILURE r(kJM THE TEST WILL CONTINUE AND OUT- ,
310 ; PUTS I FRILUE MESSAGE FOR EACH FARILRE OCCLPENCE
311 ; EN THE TEST IS COMPLETE IT PROIPTS THE USER TO

312 A19( THE MM/26 FOR ITS OUTPUT

314,

315 lE PIr.jRAI IS NON-INTEMURPT ORIVEN S INSTEPID USFS )
316 rNE INTERRUPT FLAG TO DETERIE EN .WLiP MIR 1S FREEN7
317; ,N THE 4M ,4AT LINES. UPON ENTERING THE M UTINE
318; FLAG 6 IS SE! SO THAT INTEMTSWILL NOT BE iEE iULED
319 ; EN THE OTF" IT ROUTIIE IS CALLD. IF THE 86/2M DOES

32 ; OT RESPOND 0' ALL TO FIN INPUT BY THE UPI-41(INDIOMED
321 , Y THE INTER PT FLAG N E IS 9 SET) THE 41 TIMES
32; T S X r THIS A? A FAILURE FIN CINTIMES THE TEST.
323k



Ii
i;IS-Il MS-48AIP I IOW I5ESERa L C 6 PAGE 7

3 153 JUm '9

LOC O83 19 SOW2E STRI DE'

324,;
325 RF31STER SAW I IS USEr rO TiE 'flhIE FIN) IS P'(DIFIFE,

326, fr FOLLOWS'
327
328. F .31STER cT- P

a j GISTER i OUTEP LOOP (IF I#.f COVER339, w,-GlS'ER . INNEtP LOOP OF DER C~m OITEP

31 PlGISTER I DELAY COINER

132 ; FEGISTER , EECTED RETUf' DFITh FKI 8/25
133 PEGISTER 'I TEMP STOW
* ; ST'S"11e; 5 RIFLE LOP (CUNTER NO C2 RIF E

5 RUIEIS'TER ' 16 SHOT POSSISILITIES LOP C(LMEI

* ~~~~136,)(~T9 ~
38; Tif BOTl(N 5 LIW:S OF PORT TWO) FUNCTION t6 THE RIFLE
39 TRIGGERS IITEIA OF FI THE PM INITS.

341; LIE SIX OF PORT IWO IS THE TflGf PR T SIKgL
342,
r43 ; POW.T I LII(5 4-7 E 6 A THE SHOT TYPE IPUT LINES FOR

'45
46

" 47 0 h 5121D ;W PIG2

48,
02m H49 H'T OD DB P. 2,4,3,-:-0,5,4

I 28650 8. ,8 2, ;. 6,J
0209 e2

02"C 09
om tv

OM2F 01

e 20 53 RIF' IN. CLR F9 ,HILE FO IS R M S.ET AT THIS POINT

'A ;THIS FlDkO R LITTLE Cl ITY, THE POINT
. 55 i IS TW INTOUTS CWJT BE IIEDMLF[)

Q1 1 95 56 CP FO ;WiGND THE W-E101. CUM ROUTINE IS BMWRE
I 57

wilIxNOVm H. "m6
9214 38 9 OUTL P2. R ;DISAtLLOW FRMRT INTEIJWT REVISTS

, A,- OR INTEF'OIPT FLG STS BY DESELECTINO
;IHE CHIP TSEI FLAB DOWN fI) TIOGEPS OWN,

1-.2 ,AND TVF RES CONML SET rOR UPI-41 CfMTROL

da 15 --3 DIS I ,iEN CHb, RESLFCEI INTEUPTS WILL
-4 AE CHECIED TM ON THE INT. FLG.



'".iS-II CS-48A 1-41 M M O sSEILER VPG 8
,1' JAN 7,4

1.0 (W3 SEQ SOLU STMT!9(N1

@16 25 w6 EN TOITI TIMER INTERRUPT IS USED AS A TIEO"IT
366 ;FOR SEMi ROUINE(S

6217 I A 36' NOV RL tN tLE.AR THE CPT SCREEN 4 HOW ,RSOR
0219 438 36; CAL OUITPUT
m21-9456 369 CAL IM ;FLLOW CRY TIME TO CLEA R
21D .51) 370 CALL CRLF SPAE DOIW TWO LINES

O21F 450 371 CA I CUF
O22 45D 37" CALL COLF
0223 -'3D@ 373 MY &#8 L(W SINON ROGESS OF SIGN N F.SSGE
0225 374 NOV R10 ;STORE STRING NOGESS
22A 13 375 MOMP A.,OR ;ET STRING LSTh

827 tE 37i NOV R& 0 ;STORE STRING L.NTH0
0228 427 377 CLI. STROUT SEI S1TENGTH
O2A 45D 373 CALL CM.F ;( ille RETURN LINE FEED

022C 45D .7 CALL CRLF
622E "3e 384 NOV A,1 L(M PROiMT ,'R T G I SS1 aE
Q36 H 38. NOV R3, R STORE STF 116, FOOKSS
4231 E3 3w OP3 p to i
6232* 38? NOV R6.A
6233 '427 384 CALL SIWCU

-35 ,,45D 385 CALL CRLF
237 3450 38 CALL DELRYi ;WRIT FOR 88,29 TO TYPE 6UT LET'S START.

_239 3450 387 CALL DE.WAV
0238 3450 388 CALL DEWV &
023D 5 389 TEST SEL Ri
431E 188 390 ML P2,1I' ;RIEILE CHIP SELECT FND PUT TARGET

391 FLO UP.
Q 1 BE@5 392 RL((05 NOV R6. I5H INITIALIZE RIFLE NUMBE RO LOOP

193 ;COUNER FOR 5 TIMES TOU
., 42 BF. 34 RL 1: OV R7, 1 6 INITIALIZE SHOT TYPE AND LOOP

395 ;COINTER FOP 16 TIMES THOGH
k,44 54C 3% RLO[E2 C.L 9K.OMF RIFLE SIItLATION SUBROUTINE 3
ti4, EF44 397 DJWZ R7, RL(V'2 ;ALL IR POSSIBILITIES DONE'

o,14! EE42 396 DXk M6.RL(fW)1 on01?
v.'4.' &W 39 ORL P2. I" TAROET PRESENT OW"

5 406 NOV RI. 8) .lIIT I SEC REQUIRED BEFORE NEW TAR
021! 3450 401 L(RnF <: CA.L DEiJ ; CAN AREAR

Ei. 42 DJ R-., L42OP <
. , 403 T(LArE- f P2,06W6 *TARGET PRESENT UP

EW,. BfF 404 FM R2 6FF. ,M I E " SEES FLGfi
. 3440 405 CAL DELAY

em4 466 OR. P, ,4 TARGET PRESENT DOWN3
2' A FfF 467 NOV K. W d 6I1 E "62 CHANCE TO RESPOW'

." ( '44D 408 CALL DELRY
"_ L 865 409 NOV .5 ;RIFLE COINTEP

maiv ow 410 NOV pi. ;CODE FOR NIS;-TOO LATE
,. 348D 4Ui LOOP, CALL PIFLOF ;JPOUTIIE WHIC4 FIRES SHOT FR CURENT

412 ;RIRE, C1E(25 FOR RESET TO ;/ITENPU FF,
413 ;A 4LKS FIR CORECT tES.43E SENT BACK
414 ;BY " .

'4 EE62 415 DJNZ F6., LO'C '
- 416 NOV P31#50 ;WRIT i SEC FKQ FOR NEW TAR FPEARNCE

~"~3450 417 L01* CALL DELRYi
EM"+, 418 DJNZ V,'.' LO+ "L

,'. @ 6(5 419 TARIN NOV Y p',' .. RIF E COUNTiR

D-8 -
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SIS-11 lqS-4.' lPI- i HAMC R5SEMD~.E, V2. e PFe 9
to 08#4 79

I.CC 083 9 X S TATEN NT

826E 3450 2 1LOOPO CALL ELR 1
02?a 9 21 ft P2, 1 P4H ,TAMT PRESENT UP
$272 BAFF 22 ROY R2,IIFFH ;6"E 89"2 TIE TO KPcOND

2?74 3440 .23 DL DEif
Q"-6 3459 124 CAL1L PULB r

328 430 125 ORL A1, #t188* 11TM' 3 BITS MUST PE ZERO FTER M

82*. 3? 126 CPL A ,RL' BUT ONE RIFLE WILL SHOOT
02 'S 3A 127 OUT P2,P ;RI'INO EDGE OF TRI66ERS
0.C c9m Iie ANL PI, I aim ;ihTF DATA SET FOP HITS, NO STRT BIT
K.$ 129 ANL P2,038 ,FPIING EDGE

Q6j3450 438 CALL DELM~
M,:c. 3450 431 CMLL GLII 01 E " TIME TO $9) LL IESSWAES
24 22 432 IN ADIB ;CLIHR IF FLAG 4ICt THE 80/2B SENT 4

4. 433 ; PU SES TO.
'lot 8w 434 OPL P2.444 ;TP'GIET PRESIENT &IoN
QE BB@. 435 NOV R3, ) ,DElt OYERt SECOND SO THAT UPI WI;L BE
WE 3450 436 LOO.D C'L DELF ;CEPTAIN TO HAiP RECEIVIED INTER PUL E
M 6 E889 437 DJNZ R3,lOOPK

A * - D690 438 JNIB, NOIIT ,IF NO INT PULSE INDICATE A FAILURE
02k FE t39 NOV A,Rf ;GFl CIRRENT RIFLE

I4 E 40 RL A ;FR AIN BITS 3.2,1
Z^ 02. 47 441 SWAP A i I BITS 7,6,5.
02'2 43 C 442 ORL R,MH C IS 1 15 OF "TF ET IGNM ED.

2824 FC 443 NOV R4,f ST .E
29 22 444 IN A, Dig IPIUT DATA

82'"L. DC 445 R t. A,R,' ;IF RE9..T IS ZERO THEN BYTES IDENIIClR.
02%' C6AI 446 JZ CwoA
0299 2310 447 NOV A,# LOW FIL2 ;PEPf TO CALL (*1TA FAILLIE ROUT.
&29% 449F 448 JN COWS
-)2% 2324 449 NOINT. NOY AI LOW Ff1
-,29F 54FO 450 CONTB. CIL FAIL.I Ctl EE6 451 CONTA. DJNZ R6,1 OOPO

i BEM 452 AINOTR. IVI R6, t5 ;5 RIFLES

453 NOV R5,14H ,Cl E FOP NO TMPCET
,. 3480 454 LOCPJ CFL RIFt.OP
,.4 EEA7 455 DMN R6,1 OOPJ

. i47F 456 JP FIN S
457
458,
459,
468,i

5 461,
462,
463
464,'2A[ CS 465 FAIL. 5L RBL ;St 0 RIFLE IOENTIFIFR TO 'RT

wIfE A 466 N R7,i ;S:, E AILURE T'F
It -'5 467 SEL RI
5m FE 468 NO P. ,GT CURRENT RIFLE
82 C5 463 SEL Me
, 2E? 47.} RL A ,i14 BY TWO TO RCEc) TWO I XATIONS AT f TIME

t?'63 43FO 47- Oft A, I IF ONR ESS F)04.
i. 5 AD> 47,, NO. R5, 71 MP STORE

. A3 47. PP., A, P ,' T RIFLE IDENTIFIF'
V , 7 A9 47. NOv R,i

D-9



'ISIS-I. S-48/VI-4i KM 1S9S 1, V2 P IFE 1 0

i I79

LOC OW SEC SOAE STf hTB RN

OM 3430 475 CALL 'UTPUT
m281 FD 476 NOV ,R5 ;IERIEVE POINTER
M 17 477 INC ,;AlCfESS NEXT LOCATION
2BL R3 478 WO! OR ;oEi RE5T OF IDENTIFIER

6mA9 479 "OV pi,A0E 3431 488 (ALL OUTPUT

Sze m 481 tWYt I1,W04 ;RSII MA
@22 3438 482 (FI.L OUTPUT
8 A1FF 483 NOV a R7 ,IRIRIEWE FAILURE TYPE
OZ 5 FIB 484 MD 3, A RNOW SOO OUT FAILURE TPE TO CRT

0 3405 nW3 &OR
V" FE 416 ,IVY I
K 8 3427 487 tALL STROI

A 345D 488 ,.ALL t1U
-,c 93 489 FETR ' K
.. FF 498 SNLOOP NV R, R? ;GET SHOT TYPE

#, 491 1Ec A
@If31492 "FL A

0. 0 53OF 493 fN R3l ;9KIT DATA LINES HM INIERTIN DRIVERS
.2 47 494 SWAP R ;SOT TYPE DATA LINES ARE P1 4-7

tt 495 NOV R51 A ;TEMPSTORE
0. 4 FE 496 NOV A, R6 ;GET CIRPEN PIFLE
A.-'5 E7 497 RL A ;PUT CODE IN BITS 1,2,3
i 6 4D 498 ORL AR5 ;OR SHOT TYPE & RIFLE I TOGETHER
ki. o7 4301 499 ORL & IKlH ;DON T t OUT A START BIT
.. 9 39 568 OUTL PI, A SET UP SKIT ATA LINESrAN

561 ; I?4UTS TO THE NJLT IPLEIEP
562 FF 5 NOV & R7 ;REtRIEE _OT TYPF

s- B 07 503 DEC A I
X- 3 584 NOW IR ;GFT COECT RET!U CODE FOP COF ISON
A'A D565 NOV R5,A ;STORE

DE FE 56 NY A.R6 ;GET CUINT RIFLE
Mf 47 587 SW A ;PUT CODE IN UPPER 4 BITS
ZO E? 56B L A JIPPER 3 BITS
-E. Q 569 O. &, R5 i(PEATE EXPECTED RETURN CODE
E2 AC 518 NOV R4, A ,STORE
'E3 345., 511 CALL PULBI1 .GET FROM PAGE 1 A BYTE WHICH MILL

512 ;HM THE CORRECT BIT SET FOR A
513 ;TRIGGER PULL BY THIS RIFLE )

f 5 3A 514 OUTL P2,A ;PISINO EIWE OF PULSE
E6 27 515 CLR A
V :i 516 OUTL P2,A ;FRLLING EDGE OF PULq. NOTE THIS )

517 M1W OR MAY NOT BE THE CASE IN REA.ITY
518 ;FOR IF THE WIK SWITCH FOR THE CIRNT
519 ,pRIFLE IS ON, THEN TNE ACTUAL PULSE
52@ ,MILL ONLY BE THE NO SHORTER PIA(IA )
521 ,ISEC) THAT THE UPI PROVIDES AS A FAT
52i, TURN ON FOR THE PORT BEFORE THE 5,K
52, PULLUP TAtES EFFECT. ERE THE !W
524 ;PULLIP MILL NOT PROVIDE A HIGH OUTPUT
5 -*E TO 'HE 5K PILDW AD THEOTL
V, ,INSRUCTION WOULD NOT BE NEEDED
527 THE LOGIC 'HIGH" WILL ACTUALLY BE
528 UT 2 SY WICH IS ACEPTABLE TO THE 41

;P4AD-O



I
l .-II s -48/I-41 FVR( ISSEI R, V2 0 PF ,iI IFN7

iC OBj SEQ SOIF E ST +EEWT

A ?A 83 53A RET
531
532

f2 533 ORG 24
534t.12 521, 535 o I', 'R3" 'R4, ''

i. F4 5232
F6 5233

b. F8 5234
0.FA 5.35

q 537

538
', 539

541
542,
543 STRING CI)T L'(IATED 1'4 THIRD -M OF 'EMORY

4k ,544,
545

Ose 546 OG'68
S-.0 04 547 Do 4", '"Is;

Ri'8 4495351
* o,852i2826',3

A"j' 2kZW' @

0A) 'It M.HA@ ~l 0+ w4 DB 3K/. "HI1"

* 'Al 4149%4
-.'14 V, 549 FI 1O 0 4,'F RES'
.15 412052,5

* 19~ s_I0 'An"" 5501AL 06 314 'LOD'
vA 1 4.28444

V-V 4 AVS 551 DO 3H, 'L%~K -1 4, 4F51

8324 552 FA DO 0, 'F NT
K s-5 4,.,:0494E

8 , 2+.

L u',8 55. o qH, 'LONI'tGHT '

I 4&.*572ti
0. 2 ,4.o474m 

,

,. -. Al ,,54 CB ,'IH IN T '
k i 1 ., 4,4 1 +

S -4'2 62

D-11
6~ ?Q02
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W.~,I ~C 4WIF-41 WCIRO 9MSELM V2.8 PAE Q2

18 JANi 79

LOC Mi SEQ SUI3C SIATEJENT

836004 356D 4H,'HIIr
036d 484 ,4?40
14365 282.,12S
6369 2K Me?
v436D 2; &
679 09 557 DB 9H,'HI(i4 LEFT
@371 484,4748

0375 26t(4546

0~7D 2.<
@386 04 5m8 06 4H, 'LEFT

o385 262 LS2

~i389 2S0i2A
k'390 08 559 ['8 8H,'CM LEFT)
kiM'~ 4C4 'M
It'95 4C454654)
i'99 2K ik126

,I3R@U OD66 18 i?-D,'MT;S-TOO LATEM
oM 404^233
,35 2V44FEF

11309 24C 11154

*'3f1 4&@,'@ 3H
0t386 09 561 S8 ,'NO0TRG
Itcl 4E- '54
.1385 41!,: ?459
-1389 54, IA'62
$13WD 2& 02
,i3C@ 9E 562 09 14D, 'T V IM=D
lo3ft W4.15247)
6.C5 45',42649
At 9 47-- *95?

'-,D 4OF2 563 slm0N Do 15D, 'F IFLE SIMU.RTOR'

QDI~ 524 464C
j3[,5 45, 5349
'1309 41 4C41

"sE@OF %f54 PPOWT: 06 15D, ' W IN KLACES

1-15 5@ t494E
W1E9 2@ t44C4i
kiXD 4341 5
s'3FS OF %5 DM: De i1b, TEM CCOLM1E

v'f1 20 V5
0i3F5 5:, 420433
MAj 4f45W
OY3D 45' 145

5 6 6 E DA

AUC 516i C(MT 0633 C(M1I W ~ f 2 9T113 (O"T Kl rAWPT VW rrlHTM SON CRLF WD!

RY ft KMEAV US PLJP Wlt' 1, 6$ 8 E3S9Ecf 68 EXTINT 556 FOIL @2FO FR1 0314 lf)

D-12 2



I S -II MCS-48 'UPI1-41 MMcR RSSE1M -R, V2 0f~F 1
18 IAN ?9

Fft ' 13IR FRO 32 FINV WA? HERm OW, INHI OiW itou W6 LOM O81w UC?*' 819
L(k4-1 .013R LOOKC OM6 LOWR 026E LO I W2A LOCPK Ve' LOOKI 0268 LOOPX 024[ LDiPOW' 8
LOI '2 d6 pM 1t8 NINE ; "3 MWI AT 910P NEXTl 0184 NOINEN 014C .NOJNT V,4f, W(INTR 8188
Oi C 'Ol 0U 130 PRhVT 9319 PULP 1 8159 QWU OW86 RIFLOF 018h' RIFSM V218 RIOPI 824, RL'X-2 0244
RL" . 240 SlTCOW2OM SIM 01 3D@ 9t.WCT 5TRRT WA2 TRJT PA27 TRE. 8j14 TFWIGN W6

1 230 TIINRT eW6 TIM Wi88 TOLIiTE OM5 WITI 882

IBV ((JRETE, ND ERRORS

4

D-
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4

4

APPENDIX E

4 5ELF CHECK PROGRAM

I

I
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Ua-~oCti rE .Fi:TST TMF ii Q TS T S.YNBOLSL I INFS '*11- PP INr*T F I TS T Fr

SYMBOL TABLE OF MOD' ILE T ST
READ FROM FILE Fl:IST T4P9 WRITTEN TO FILE Fi TST

VALUE TYPE SYMBOL

I MOD TESTMvDUXLE
I c:BFH SYMP MEMOFY

Co381H SYM TEST
ICE08IH LIN 1

UC0061H LIN 1.
C04H LIN

COOH3H LIN 1'.
CCA LIN 19s

IC010H LIN 20

C013'4 LIN 21
MOD) TESTPROCtODL-E

UCISF-$ SYM MEMOF'Y
jL1EOH SYM TSTCHECI'

!9fbH SYM N
C@i18H SYM DONE

COlE H S%'M LED014
-901H SYM K
C020H SYM FAIL
.30; SYM J
390:-H SYII IODATR
C081-H SYM IGTES-T

C14H SYM LOWLItI1lIC4EItMH S%'M IHMT
1'94H SYM INITIAL11EE
39OtH SYM FINALTII
30E.H SYM ELAPSEDI IMEI3908H SYII I

C-ODL'N SYI1 TIMEPTEST
a r13::H SYM~ USRi TEE r
LCOI'MH LIN 41

CO C8~H LIN 4;
-OltH LIN 42

*OI C'1H LIN 4

5COIF H LIN 4t
C02E'H LIN 4 -'
C02411 LIN 4
C03:H LIN 5
C04i.H LIN 5
C04'iH LIN 52

C04t*H LIN 53
C05LH LEN 54

C051'H LIN 5'-
C0t~64H LIN

c072H LIN 5
CO80:H LIN 5
C01EDN5 LIN s.5
COE:CH LIN C

L0 OH LIN 0.83C:GO 4 LIN t..9

C09'EH LIN 71
C:063H LEN 725C067H L IN 73

E-1



COE IH LIN ?5)
CE 6H I-IN 7 6

COI:FH LIN 78
CO, 4H [IN 79)
Ckli9H [IN 90
Col- DHN [-IN si
Ckl 2H [IN :32
CO-7H [-IN :33
C OL'L.H LIN :

-LL.{N LIN ~
C OCAUH LIN '1

I1lEH LIN -'2

g.LI- . [HIN .-3

i. F-H IIN 95
'IOFEH LIN 96

f- S [ 5HIIN 97)
I kiF.H I IN 98
CIN HIIN 99

I .21H L-IN ±00

,--I ,tN I-IN ±8±0)
IA -'HIIN 102

il.):H LIN ±873
L1b IN 1.06

I -.-.1 [-k IN 108
14 '-,H LIN 109
1I4:,H LIN :110
141 LIN 1±11

1 1 1-N L i N 1 1 2

1'.EH LIN 1±14

M*OL' F.HMTST
I J-.:::H 'S YM LCI:'uP)
1:;4 H SYM L'L"JPA
.,* Hi SY FHFFiL

iti1 H SYM PHFI1ITST)
MODe HJOTST

'-I .M'H S.YM i-II.JT2

I 1'4H SYri L OI:7PA)
.t:-IiFH S%'M Po. f IT

TIOC -SE.E:ITIM
JLt -::. 'M LUI'PA)
1 k:-:LH SYM LC'OPB

rml- miji..-i MA- OIF MODLIt-E T S-T
Fti-tiL- F:RrM FILE :Fi TST TMP

I I IEN* TO) F ILE : FL: TS T
III fl.START ADDRESS 0026H3

I Si uF* LENGTH PEL NAME

o Ilot: coeXC:H 8UH A ABSOLUTE

113 1 CIB~EH 132 H A ABSOLUTE

E-2



b bIS-11 PL/H-ki V3.l1 COiFRTION OF fJl.EU TES 4JVILE
OfJECT MOVU FACED IN -F I TEST 1 MY
0PILEP INYMKE BY' P1W'; l TESTER LM DEE-,~ I)YE DATE (12 OCT 7?.

.THIS TEST M R~ S Wi !IN By~ T RIORM& MT FUNCTIONII ~ ~IS TO WCT trS THE P'IER f O THE 'ST PRMRN.PS AIS CLLED

I ~ ~ T TE1 MWV~E D'O;

2 T PRtERMEXTERNP,
2 EV( RTST;

94 1 W ;T- PWOFM( EXTER?0.

6 1 Ifl$V'ST PROEM1I EXTERH't
* 7 2 Elf IOSTEST.
S8 1 TIWF4TEST PM.Tr4JE EXI RNEAL;

9 2 ElI TIMMR EST,;
I@ I US5 'ITEST PROCWI(E EXT ERNfL,
l i 2 EM USRRTfIIST;

412 1 D0N PR(OXER L.W

13 2 EN, DOW, ;

4 1 1 TEI PMOW IFISIC,

16AL ROMIST;
17 CA~LL IOSTEST,
18 2 CALL TWERMTE T,
19 2- CALL UcTSTt T;
N ~ 2 CALLD(*C,
21 2 EW TEST;

22 1 EM( TEST~s MI;

g4AK ARFW EASIZE =9S1M to
"]tJ STACV SIZE =W2

'0 SPROjM ERP(S)
00 O PL/ 1-00 £(WILRTION

3 E-3

0 W I p



isis-il i~ 88 V3. OWIILRTION (IF NMOII TESTPP( 'iC&A.
OBJEcT NOW Pml.ACE, IN :Ft TSTPRI 883
COWIILR IN #0E BY PLO)1 :FI:TTPRC.PU1I IXRE t(KWJO t)IrE (5 J1L 79))

1TESTSM COM3'E: DO

2 1 cMftE TSTDIEC WE'i rwurL AT (@DI4H) DrAq);

M~ I EUEs l E

i DECU4K WORD0 LITEROLLY ' (*ESS';

411 1 DEC1IE DONTM LITEMY 'MW, F ER LITMLY 'WILE V',5
DIMANOSTIMIED LITETPS..LY 01,61';

4! I Du.*E PROCEDRE PUBLIC;
4, 2 LEWI:

4. 3 t LED$%N
2 o~u DONE;

1 F61, MIR.K ElM PUB3LIC;
DE.* t. O.J BM

DO W1 TO i;

4 (XJTPUTWDIFKAOSTI( WLED)*NTCM
4 fALL SCTIM(I6);

3DO Wl TO 44i,
4 DILL SC1I(2,
4 END,

- CFIL SOCTIPI(50); /s 4AIT 2 'fCOW THEN lO ON WITH TEST *

2 END FRI,

i r*tlWE IO8FAIL LITEPH(LY '3'. /s 1 FLA MES F& Mi 1/0 FAILURE.
* I DtaM~ PORTI LITE.LY ISM4 F OR72 LITM1.Y EI'. 3

PORT3 LITILLY 'W4 . PORT#; LIT-MILY 'NI;

., 1 IflsTESY PUCEDbAE PWLIC.
Olt [o

t.. OCU PORT$S[T, /s SET UP 10 PORT S U2 AS TWOUS 66 AS OUTPUTS S/

3 OJTf(POrT')40K- /g PORT 3 WILL INYEPT OUTPUT flEN PORT I WILL. REINAT IT .
3 18ATFIPUT(PORTV;l

*1 3 IF IODAT0O8H THEN
3 CALL FAIL(!OVAIL);

3 OUJTPUT (POMT) zF H -
3 IOOATh:INUT(POPTIhi

1IF IODiT)*FN 9E0

E-40



575 3 CALL IIL(IOUARIL".

76 3 JTPUT(F RT6)46H, /', PORT INVERTS %XPTUT BUlT PORT WILL NOT RIPIRTI77 3 IODVA I NPUT (PVRT2);
78 3 IF IODA1VeO6FFH THEN
79 3 CALL ARIL(IOSFtAIL'

I 8i 3 fTlPUT(FORT6)mQFF4;
81 3 IODATcINPUT(PORT2),
K2 3 IF IODA'AOWH THENI83 -iCALL FAIL(OS)FIL.,
?4 3 END;
35 2 DO IOSTES r;

.6 1 DECUFR LOWLIMIT M IA'A(10) HIIMfIT WORD DATAI(3SS);
'7 1 DCLFRE TIMERSFAILSLOW LI tWILV '4', TIMER*0AIIAIIUH LITER.L? '5'i
88 1 DECLARE (INITIALT!',E,Fh TIE,Ei TIME) WORD;

A 9 I DECA~fI 90L
90 1 TIPU;TEST- PROCE,RE PUB IC;

4 )1 2 CA L TiftRSSTF, /,.SIRT TI fA ANDI.
92 2 CR.L SKCI (25. -; /s VE TI: 0R TIME TO BEGIN RD(T IONING *

K 2 INITIRLSTIME LOKR&Di
14 M )0 1z1T 0; s R1 FOR F CE SECOD /
45 3 CALL SCTIM 250);
t b 3

2 FNRTIE=LP- 10D;

* 6 2 FI*PSDTIME INITIFILTIME - qILTIMF. /* COhNTERS 4E DOWN COUNTERS *
)9 2 F a8*DTI~t < LONCLIMIT 7 0

I IS 2 CAL.L FIL' T IMEFP LKWCM'
111 2 F ELPDTIPW ) HII.INIT rHEN
11'2 2 CAL FAIL'' IS 1 1-0110 iW

11'3 2 ED IMRSTEST;

1 4 1 DEC1A f LI5T$FAIL -ITERALf Y '6'
1' 5 1 OELKE UJSRRTSSTATi'r. LITERfl!LY 'i-ED'. USRRTSDATA LITEPALI e 'OECH';
1,6 I U5WRTiTEST: PROCD" FI
I1 2 CAL: YOTRWTIME '-
I CFtj SOTIl(IiS) . PWI CERTfR.N TIS HA~S STATED
1 2 CAL, YOTMCSSE, ST ff%, RrE 0 iT PTTER */

I3 2 CRL- SOCTIF(ift "W 1E RTFN UWIR HAS COMPLETED !NTE& SETUP e
1 2 OUT! UT( 5RTSATA,~1S1rtlB, /* SEND 01T TEST PATTERN ~

C(L1 SOCTIf(20) WR ~IT 4M~ t.64 SEI:XJWT SO.WLD BE (fiO~
*N. 8 THIS .T7 BE L(WG ENOUGHN EVEN WITW.IT WRIT STATES .

IF fm)T 9-(INU! .9TSS -iTUS),; THEN£ .~ . LAL FAIL(V'SPZ TlFAIL)
2 MC UWTSTESTi

3~ 1 P( TE5Tf'ROCXllO( F.

3 Pl Of. IP NF 'lAT ION

1flOE 'PEA SIE 814DO 3-73D _ _a

S E-5



VWIFLE fKA SIZE m ON1 lD
m(iI SMhO SIZE a iW94 40)

138 LINES REM
0 PP'im "RRI(S)

EMW OF PL M-S0 CO9TLATIGJ p

E-6



A t8 :RiV TI I SRC MUHG FICPfILE 'TLE('' OCT 78')

I ISIS-V 889 _,1 MAC ASSEBEP, V2 0 MTST PfAf

I LO( J SEC SMU -CTATEIF t.T

t WE WS
2 STKLN 64
? EXTRN DONE
4 PUBLI Off"

CSEG
6',, ii ; RPI TST POP D ;GET RETRIN RMRESS THAT W PUSIEI,"~~ BY. THE CALL 00 D E IT IN THE Ott

;REG PAI IT WILL BE VALID IF IW
; IS OKAY, 0N UH.EDM OTHERWISE

- f t'1o6F8 11 LXI 8, 8F-, ON ,IRMINT THIS V&UE AND CHECKING
12 F LOM WILL INDICATF WHEN T[ST

I: ; IS FINI9ED.
a _1038 14 LXI H,( I.1 ; ST'RT OF R
0e F 15 LOOP: YJ A
0& '7 V PON M, A ;STORE 86H AT L(CATION
e&0 '1 V7 1,O M~P ; " 1FRM 9W LOCIT ION?

* 1 VOA A ,SET FLAGSft '-, 2iE C 19 JZ RFlWFi ,IF 06 NOT READ BAlC TO FILUE ROUTINF

L ..T 2,: ;?I * IF PASSES THEN ACCI.FFH
* ,' '7 21 Ov M, A ;STORE FFN AT LOCATION

1" ' 22 rm3v A,9 " PEAD FF14 FROMl SAME LOCRTI(fe
C 2 INR A Ir FFN 4 S" ACCUatlCO

,2 1,21E C 24 JNZ Ri*f ,IF FFH NOT RER BACK AW TO FAIL ROJT
% 3 INX H ;ADESS NEIT jFENM1M tOCATION
%' 03 N. IN ;CHECK FOR TEST CO ELETE* 78 27 MOV R, 6

00-87 3' ORR A

A, :- C28700 C 2" rNZ LOOP
eel" 05 34 PUISH 0) ;PM REUR R)ISS BAC ON STRCK.

; C9 31 REOA) -0 ODLD 32 PWFL: OUT ow6 J;LPISH LED 1 TIN" TO INICAmTE RAN FAILURE
itW @IESFD ,] LXI 8, 65-40 Jf;LRY AI MVXI ELY t SEC THEM lM TO

e O,@B 14 LO : DC L ;3NE OUT.r INE !-IS IS M ECAUSE THEOR .so 3 $5 HOP ;PEST OF THE TP;cTS CANNOT BIE RU REL IFBLY

t. e5, l8 3, A, 8 LINLESS THE R S.-( WORKING mR3ER V

lie .. 11,2300 c 38 rNz LO01: ; -
0(i -. C30M E 3. '  imp DONE

40 END

3 E-7



AS1118 -FI R1ITS WO OII mCKPLE TITLE('18 Jll 79')

ISIS 1I 1 /8UM PRO AS S.EP, V2 6 iIITS ME1 I

18 J, N 79

0( 08.3 'EQ 90MC Sit MWEN

wo WE 'JTST
2 SJ1CLN 14
3 FORM FRIL
4 PUBLIC ioNTST

6 CSEG
7

0*2KI 8 ROMMS LXI 11,4H ~ STWYF!fONMfI AM
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%it FS 17 PUSH PSW
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0.1E519 PUSH C)
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@4114 ( -NN E 21 CALL FOIL

01-Ix 101 23 POP D
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wi 125 POP PSW

17i i 26 CO~NT IP( f ;NEXT RrM LOCATIONS
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6 it EB 29 xi S
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b 1 i20M C 31 JNZ LOOK~

33 ENDI
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